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ABSTRACT

This Quarterly Reliability Status Report is _ub ......te_ _n

fulfillment of the requirement of Paragraph 7.3 of Reference

(a), and is the fourth in a series of reports to be submitted

as part of the Reliability Plan.

Contract NAS 9-1100
GRUMMAN AIRCRAFT

Primary No. 760
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INTRODUCTION AND SUMMARY

Introduction

The reliability estimates contained herein are based on the

nominal LEM subsystem configurations as of 15 December 1963

and synchronous descent. The reliability estimate for the

MIT Guidance and Navigation Equipment in the Navigation and

Guidance function is based on the data obtained at MSC on 17

January 1964.

Reliability estimates are continually changing due to re-

visions in the mission profile, changes in design and updated

failure rate estimates. Since this report, estimates of sub-

systems and system reliabilities for a Hohman descent are

being made. Tie _eight-reliability study will include both

design and mission profile changes in determining an overall

optimum LEM system.

liability study, it may be found necessary to reapportion the

equipment reliabilit_es.

Summary

The current estimates for the probability for mission success

and cre_ safety are shown in Table i.i. The Mission Success

Reliability estimates by phase is shown in Table 1.3 by sub-

system. Mission Success reliability by subsystem is shown

in Table 1.4. Tables 1.3 and 1.4 indicate the percent con-

tribution to unreliability of the LEM system of each subsystem.

The increase in reliability over the previous quarter estimate

is attributable to the better understanding of the reliability

estimates submitted by MIT. Changes in mission plan due to

the Mission Planning Task study have not as yet been incorpo-

rated into the reliability estimates.

Improvement in the overall Guidance and Navigation Function

may still be forthcoming _hen the mission profile is resolved
with MIT. This action will be accomplished this next quarter

in order that Crumman and MIT reliability estimates can be

based on the same mission phases and operational modes.

It can be seen that the first phase (pre-seperation), Table

l.l, has the lowest mission success probability. This results

from the fact that the pre-seperation phase is the longest

single phase in respect to time and the full phase operation

of the electrical power and environmental control subsystem

is required. The next largest contributor to mission success

unreliability is the synchronous orbit phase. The primary

ENG 73
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1.2.1

contributors to unreliability in this phase are the Navigation

and Guidance Function and the Propulsion subsystem, which each

have relatlvelyhighprobabilitles of failure due to the length

of the phase time andthe present abort ground rules.

The Reliability Status of the major Grumman subcontractors is

shown in Table 1.2.1.

ENG 7]
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TABLE i.i

SUMMARY OF LEM MISSION SUCCESS AND CREW SAFETY ESTIMATES

MISSION SUCCESS

CREW SAFETY

APPORTIONMENT

0.984

0.9995

RELIABILITY ESTIMATE

Last

Quarter

.868645

.98oe96

4th

Quarter

O.9O8

0.9844

ENG 7]
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CREW SAFETY RELIABILITY

TABLE i.3

Subsystem

Propulsion Functio_

Stab. and Cont.

ECS

_rew Safety Estimate

.9943

.9966

.9968

% Cont. to Unreliability

of LEM System

36.5

21.8

20.5

N and G Function .9971 18.6

EPS .9997 1.9

RCS .9999 .6

Structures .9999** .6

Communications

* Included in Navigation and Guidance

** The apportioned crew safety reliability value is

used in lieu of an estimated value for this sybsystem.

EKG 73
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TABLE i. 4

Mission Success Reliability

Subsystem

Descent Propulsion

N & G Function

Mission Success

°977875

.980760

Estimate

% Cont. to Unreliability

of LEMSystem

23.99

2o.86

EPS .983741 17.63

Ascent Propulsion .984686 16.60

ECS .986186 14.98

S & C .995830 4.52

RCS .997368 2.96

Communications .998784 1.43

Instrumentations .998843 1.36

Structure .999945 .06

[N_ 7)

i
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2.1

RELIABILITY MANAGEMENT AND CONTROLS

There have been no changes in management and/or controls

since the last Quarterly Report.

ENG 73
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3.2

3.2.1

SYSTEM_ ANALYSIS

C_neral

The major effort ar_d accompiisbnnents during the last quarter

described in this report have been:

i. _me completion of a computer program which gives lower

bo_ud reliabilities for a subsystem or system based on

equipment success paths.

2. A study which relates system functions and equipments

by phase is near completion.

o _l_e first phase report of the _eight-reliabi!ity study

will be published within the next quarter and a summary

will be presented in the next Quarterly Report.

One of the major efforts under way is the compilation of all

subsystem reliability success paths by phase. These paths

will be used to estimate system reliability, perform contin-

gency analyses, to determine the interactions between sub_

systems_ to perform critical load analysis for the EPS_ and

-will be used in _ly reappo_tiuz_r±ent.

Reliability Estimation

Mission success and crew safety probabilities v_re calculated

on a conditional basis. Discussion is presented below in-

cating some of the considerations and implications of using

conditional probabilities. In order to facilitate these

computations, a computer program (described below) has been

employed.

Mission Success

The current estimates for the probability of mission success

for the nominal LEM vehicle are presented in Table 1.2.

These estimates represent the mission success probabilities

as of 15 December 1963 and are computed on the basis of a

mission comprised of the phases listed in Table 1.2. These

phases include a full synchronous orbit prior to descent and

a four hour lunar stay during _nich one man is required to

set foot on the lunar surface and collect specimens. The

I_M is then required to lift off, complete a successf_ ren-

dezvous, dock with the CSM, and permit the safe transfer of

both astronauts from the LEM to the CSM. The phase and total

mission success estimates for each subsystem were calculated

as conditional probabilities, i.e., probability of successfully

completing some specified mission phase assuming that all

previous _ission phases had been successfully completed. The

probability of mission success for a subsystem is therefore

c_.c_ated as the probability of the subsystem sucessfu!!y

E_G 73
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3.2.2

completing the rendezvous and docking phase given that it

has successfully completed all mission phases from pre-

separation through transfer orbit. A discussion of the

formulas used in calculating these probabilities is pre-

sented in the crew safety section (Section 3.2.2).

In estimating the mission success probability for several

of the subsystems, special problems were encountered. For

exa_ple_ the probabilities associated with descent propulsion

were computed based upon GAEC estimates of a composite of

the Rocketdyne and STL engines. THe G_V.C estimates provided

a mission success estimate which was between the estimates

submitted by STL arid Rocket{yne (see Propulsion Section).

_ne ascent engine estimates are also GAEC estimates.

Phase estimates for the instrumentation subsystem and struct-

ures were not available by the present cut-off date. _Ine

reason for the absence of the instrumentation subsystem esti-

mates was the lack of design definition for major portions

of the subsystem. The absence of the struct%res estimates

was due to the lack of sufficient information necessary to

estimate the mission success probability for several subsystem

components. _ne apportioned values of mission success were

therefore used in lieu of any mission success estimates for

these subsystems. The navigation and guidance function esti-
mates pertain to the primary navigation ana guicance syszem,
the back-up guidance system, and the radars. It appeared

unreasonable to separate the back-up system from the primary

system in calculating the mission success and crew safety

probabilities.

As a result of the unavailability of estimates for some of

the above mentioned subsystems, the phase estimates (Table

1.2) for the total system only represent eight of the ten

LEM Subsystems. However, it is not expected that the in-

clusion of estimates for the other two subsystems will alter

the relative magnitudes of the phase estimates.

Crew Safety

"Crew Safety Probability" is a number indicating the prob-

ability that a given system operating under a defined set

of ground rules will function in such a manner that no crew

catastrophe will occur resulting from failures in the given

system° THe ground rules specify the conditions of the

system that will require the mission to be continued, altered,
or aborted.

lrNG 73
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3.2.2 (continued)

Crew safety will be calculated from the basic mathematical

model of mission success paths of equipment which are defined

for each missionl phase. Certain paths will have feasibility

numbers (see paragraph 3.3.5) associated with them which

indicate the probability that the given path will be success-

ful in the indicated phase, assuming that the equipments are

operating. Using this mathematical model, the following

statements will hold:

i. In each phase an abort condition will have been reached

if and only if all mission success paths have failed or

an abort situation associated with a feasibility factor

contingency has been reached. Under such circumstances

crew safety will occur if and only if one of the abort

paths available from the phase remains operative for

the time required to accomplish rendezvous and docking

with the CSM. The time used for the abort period will

be the longest time required to abort the mission from

any point in the phase under consideration.

2. The time period used for the lunar stay phase will be

23 hours.

3. The formula which gives the crew safety probability as

well as an approximating formula (for either a subsystem

or over-all system) may b@ described using the following
notation:

R(M) = The probability of mission success. This value,

if properly computed, should account for the fact

that not every equipment path in a phase will be

open by the time the phase is reached. It is

necessary that R(M) be calculated on a conditional

basis.

RC(M)= The probability of successfully completing the

m mission requirements of the i phase, assuming

mission success in the previous phases. This

number takes into consideration the fact that

previous equipment failures may have eliminated

certain reliability paths for the ith phase,

even though there was mission success in the

previous phases, n

R(M): UY R (m
i=l

where n phases are considered as constituting the

full mission.

|NG 73
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3.2.2 (continued)

Ri(M)= The probability of successfully completing the

mission requirements of the ith phase assuming

that all equipments and paths are available at

the start of the phase. It should be noted
C

thatfor a particularphaseRi(M): Ri (M)if
and only if, in all previous phases there was

only a single series success path or if the equip-
ments required in the ith phase have not been

previously used.

RX(M)= The probability of successfully completing the

mission requirements from t_ start of the
mission to the end of the i phase. Then:

j--1

P_.(A)= The probability of successfully aborting and
completing rendezvous after having mission success

through the first i_-[ phases and a failure sit-
uation occurring in the i th phase which the

ground rules specify- as an abort situation. If

the failure is itself a catastrophic failure,

there will be no positive contribution to pC(A).

Qi(Mb I - Ri(H)

C

Qi(H)=i - R[(H)

R(S) = The probability of Crew Safety for the entire

mission. Then,

__n QiC(H) " pC(A)R(S) = R(M) +_RiXI(M)_ •

i:l

This formula states that Crew Safety Probability

equals Mission Success Probability plus the prob-

ability that in one of the h phases an abort sit-

uation develops after having had mission success

through the previous phases and that successful

rendezvous with the CSM is accomplished from the

abort phase. This formula describes the method

that will be used to calculate crew safety when-

ever possible for any subsystem or for the entire

LEM system. Thus, this formula sums the probabil-

ities of all the different contingencies which

result in crew safety.

irNG 7]
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3.2.2 (continued)

In most situations, it will be difficult to calculate the

term pC(A) because it may be that the equipment failures which

caused the abort situation to occur also may have rendered it

impossible to rendezvous using certain sets of equipment.

That is, only a certain number of the previously available

methods of achieving rendezvous may be available for use at

the time the abort is begun. Since it is not known which

failures caused the abort situation it is not know which sets

of equipment (if any) are available for attempting rendezvous.

Thus, in order to calculate pC(A) all possible combinations

of equipment failures, which resulted in an abort situation,

would have to be considered. In general, this is not very

feasible. Therefore, either an approximation to this term

must be made or else the following alternative lower bound

approximation formula to crew Safety dan be used: Let Mi be

the event that the system operates so that mission success

in the ith phase can be accomplished. Also, let CS i be the

event that the system operates so that. an abort can be success-

fully achieved from any point in the ithphase. These events

are unconditional in that they are not predicated upon any

knowledge of events in the previous phases. Then,

N

(Mi U CS i) _-- Crew Safety
i-l

That is, having the capability for either mission success or

for successfully aborting in every phase implies that crew

safety occurred. Therefore,

P(.i_l (Mi U CS.1 ) ) _-_ R(S)

Also,

N N

"_ P(M i U CS.1 ) -_ P( {] (Mi U CS i))
i=l i=l

since the right-hand side of the last inequality should

theoretically be calculated on a conditional basis. Therefore,

N

71 P(M i V CS._)___ R(S)
i=l

Each of the terms in the above product can be calculated by

the Reliability Estimation Computer Program. Therefore, in

most situations the use of this formula in conjunction with

the program will be the most practical method of estimating

crew safety.

ENG?3
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3.2.2 (continued)

Table 1.3 contains the crew safety estimates for the nominal

LEMvehicle as of 15 December 1963.

It should be noted that an estimate was made for the navi-

gation and guidance function rather than the subsystem since

it was felt unreasonable to estimate separately the primary

and back-up systems.

The propulsion function was also estimated because of the

role the ascent system plays in backing-up the descent system

for aborts.

IrNG 73
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3.2.3 Lower Bound Reliability Computer Program

The Lower Bound Reliability Evaluation Computer Program has

been completed and checked out. This program has the capa-

bility of deriving a lower bound reliability to any system

configuration operating through a maximum of twenty phases.

The success paths (see LER-550-3) in each phase and the

reliability of each equipment in each phase are used as

inputs to the program. The program will find and print out

the minimal failure paths (see LER-550-3) for each phase

relative to that phase. After it has found the minimal

failure paths for each of the phases, it will proceed to find

the minimal failure paths relative to the over-all mission.

This means that any failure path in a lower phase, which

contains, as a subset, a failure path in some higher phase,

will be eliminated. The remaining minimal failure paths

represent all the different conditions which would cause the

system to fail. These mission minimal failure paths and their

associated phases will_also be printed out. Finally, a

mission lower bound reliability, derived from these mission

minimal failure paths, will be computed and printed out. The

program has the capability to run consecutively an arbitrary

number of configurations with an arbitrary number of reli-

ability input sets for each configuration. Thus, it is

possible to run various parametric studies all in one computer
run.

There are three basic types of parametric studies for which

this program will be used. The first type consists of varying

the ground rules under which a given system will be allowed

to operate. Varying the failure conditions, which constitute

grounds for aborting the mission, will yield mission success

and crew safety numbers corresponding to each set of ground

rules. In this manner, an abort philosophy, which represents

the best trade-off between mission success and crew safety,
can be evolved. Another basic type of trade-off involves

varying the failu_.e rate of a given piece of equipment to

see how sensitive mission success and crew safety are to the

failure rate of that equipment for a given design configura-

%ion using a given set of ground rules. This type of analysis
can isolate those equipments to which mission success or crew

safety is most sensitive under the given ground rules. The

third basic type of trade-off involves varying the design

configuration of a given system keeping the reliability of

the individual equipments in the system constant and keeping

the ground'rules as similar as possible for each configuration.

These parametric studies should eventually combine into an

over-all optimization between ground rules, equipment reli-

abilities, and design configurations.
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3.3 System Status

During the last quarter, it was decided to develop a con-

venient means of representing equipment-function relation-

ships in order to facilitate performing contingency analyses.
This representation or format was intended to be a focal

point in the determination of decision intervals and also to

permit specifying mission success paths for evaluation by

a computer program. The approach to be used in LEM Conting-
ency A_lalysis is discussed in LM0-540-188.

3.3.1 Equipment-Function Relationship

The primary effort during the last quarter has been to develop

a format by which system functions can be related to various

equipments for each phase considered.

The format has a set of indicator codes associated with it for

relating the equipments and functions (Table 3.3.2). The

format will also permit contingency analyses to be performed
by using a different set of indicator codes which have not

yet been defined.

Fifteen functions and thirty-six equipment groups were

defined for an initial pass at setting up the format for

equipment-function relationships. Equipment groups refer to

system, subsystem, assembly, or sub-assembly call out such

that each group can be independently associated with the

various functions. Tables 3.3.3 and 3.3.4 list the equip-

ment groups and functions used for the first two phases.

Most of the equipment groups require no explanation. Two

equipment groups, numbers 24 and 25, require further descrip-

tion. Group 24, Crew-Functions Equipment, includes such

items as crew couches, food-management equipment, waste-

management equipment, etc.. Group 25, Data-Collection Equip-

ment, includes such items as photographic equipment, scientific

instrumentation, television equipment, etc..

In specifying the mission functions the following criteria

was used as a basis: (i) the functions should be independent

of one another, (2) the mission, phase-by-phase, should be

completely describable by logical combinations of the

functions, (3) the functions should not require any equipment

breakdown beyond the sub-assembly level.

I_NG 73
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3.3.1 (cont inue d )

The functions selected are listed in Table 3.3.2. In

selecting the functions, it was necessary to compromise the

first criterion in order to comply with the third criterion°

In a general way, the computation functions could be con-

sidered as subsets of the control functions. However,

specifying the control functions only would not permit listing

the alternate modes of performing the various functions.

With this capability lost, the developed format would provide

limited service for its intended purpose.

The first four functions in Table 3.3.2 refer to the measure-

merits taken and the computations performed to permit a

decision to be made. _nis decision could be made by manual

or_utomatic means° The ranging function is intended to

include the operations of the landing and rendezvous radars,
and also to cover other functions as providing for mid-

course corrections and selecting a landing site. The control

functions (attitude, translation, and large thrust) refer to

all modes of control (eog., developing torques), manual,

semi-automatic, or automatic. These include modes such as

the attitude hold mode, the rate command mode, the attitude

command mode, the direct attitude mode, the translation mode,
etc. o

The LEM/LEM communication function refers to communication

between the twoastronauts on the LEM. The LEM/CM communi-

cation function refers to communication between either (or
both) of the astronauts on the LEM and the astronaut in the

Command Module. The LEM/MOON communication function refers

to the communication between one astronaut in the LEM (while

the LEM is on the lunar surface) and the other astronaut who

is outside the LEM exploring the lunar surface. The LEM/EARTH

communication function refers to communication between the

LEM and GOSS. This includes transmission of voice and mon-
itored data.

The last three functions require clarification so as to be

distinguished from one another. Monitoring relates to

determining the status of equipments as they affect crew

safety and mission success. Scientific data collection refers

to the performance of various lunar exploration tasks (e.g.,

sample collection, photographs, @tc.). Other data collection

%asks fall into the monitoring category. The crew necessities

task comprises a multitude of functions such as crew support,

restraint, protection_ atmosphere control, hygiene, food,

waste management, etc.. These tasks relate to maintaining the

crew's physical and mental abilities for the performance of _he

many manual and semi-automatic functions.

I
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3.3.1 (continued)

Fourteen phases are being considered for the nominal mission.

These are listed in Table 3.3.1. The relationships between

the functions and equipment groups have been completed for

the first two phases and are shown in Tables 3.3.3 and 3.3.4.
E_e interpretation of the codes used is as follows:

Code Meaning

0

i

2

The equipment is not needed to perform the function

in this or any future phase.

The equipment is necessary for the performance of

the function_ but only in a later phase (either

primary or alternate).

The equipment is necessary for the performance of
the function.

T_e equipment can be used as back-up for all or
part of the function in this phase.

It should be noted that code (state) 3 has priority over

code (state) i in relating functions and equipments.

Several equipment groups perform service functions to the

list of functions used here. As a result these equipment

groups were associated with the many functions they service

rather than call out the service functions separately. For

example, the Electrical Power System (EBS) services most

of the l_ted functions and has been related to these functions

in the charts. The Environmental Control System (ECS) was

also associated with the many functions it services. In

contrast, such equipment groups as the Inertial Measurement

Unit (IMU) and the Attitude and Translational Control Assembly

(ATCA) perform listed functions and are associated with fewer
functions.

3.3.2 Decision intervals

The original ten phases, defined as decision intervlas in

the last quarterly report, have been redefined and extended

to fourteen phases or decision intervals. These fourteen

phases were defined (see Table 3.3.1) since it was felt that

the equipments required for various functions changed with
the phases.

it was felt that these phases would suffice for the development

of the format in Section 3.3.1. Many decisions and, hence,

i;he decision intervals are defined for those equipments and

the mission.
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3.3.3 Contingency Analysis

As mentioned before, the developed format will also be used

to perform contingency analyses. The analyses will include:

(1) Where possible, contingency phases will be defined for

the purpose of determing equipment-function relationships

for the possible contingency decisions. The contingency

decisions (defined in the previous quarterly report)
include:

(a) continue the planned mission

(b) abort

(c) delay and/or repair

(d) go into an alternate mission plan where (c) could

be considered as being this contingency decision,

if necessary.

(2) A multiple equipment failure effect analysis will be_

performed in terms of a functional failure effects

analysis. In this way, only meaningful combinations

of equipments will be considered. The above decisions
will be encoded for use in the format.

3.3.4 Path Determination

One of the purposes for the development of such a format for

relating functions and equipments is to be able to call out

mission success paths for all phases for use with and eval-

uation by the "Lower Bound Reliability Program" (see Section

3.3.5). Many other applications are anticipated. They

include:

(a) evaluation of contingencies

(b) ranking and determination of critical equipment groups

(c) performing trade-off studies such as delta V

versus reliability

(d) determining optimal decision intervals.

IrNG 73
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TABLE 3.3.1

NOMINAL _ECISION INTERVALS

1

2

3

4

5

6

7

8

9

_0

ii

12

13

14

Separation Up To Insertion

Insertion Into Descent Transfer Orbit

Coasting Orbit To 50,000 Foot Pericynthion

Initial Power Descent To 20 Nautical Miles From Landing Site

Final Powered Descent To Hover (lO00 Feet From Lunar Surface)

Hover To Touchdown

Lunar Stay (Post Landing Checkout )

Lunar Stay (Exploration)

Lunar Stay (Pre-Launch Checkout )

Powered Ascent

Insertion Into Free-Flight Transfer Orbit

Coast In Orbit To 20 Nautical Miles From CSM

Rendezvous From 20 Nautical Miles To 500 Feet From CSM

Rendezvous From 500 Feet To Docking With CSM
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1

2

3

4

5

6

7

8

9

i0

ll

12

13

14

15

TABLE 3.3.2

MISSION FUNCTIONS

Inertial Attitude Determination

Inertial Position Determination

Inertial Velocity Determination

Delta Velocity Determination

Ranging

Attitude Control

Translation Control

Large Thrust Control

LEM/LEM Communication

LEM/CSM Communication

LEM/MOON Communication

LEM/EARTH Communication

Monitoring

Scientific Data Collection

Crew Necessities
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3.3.5 Equipment Path Feasibility Studies

In the event that certain equipments fail at a given point

in the mission, it may be necessary to perform certain

vital functions with an alternate set of equipments. Whether

or not an affirmative decision to continue the mission is

made will depend partially on how well the remaining equip-
merits can perform the remaining functions of the mission.

Thus, it becomes necessary to evaluate the capability of

various sets of equipments operating in unison to perform

a certain function(s). The possible degradations to the

system, which may result from using an alternate set of

equipments, may involve: a loss of accuracy in the function,

an extension of the mission time, greater fuel consumptionof

the main engines and/or reaction control subsystem, greater

enpenditure of Other consumable such as life support equipment,

etc.. In addition, other equipments needed to complete

the mission must function for the extended mission time.

Another degradation consideration is the time available to

execute the required maneuvers using the available equip-

ments. Similarily, there may be degradation of mission

performance directly attributable to a manual mode of oper-

ation. This factor is proportional to the number of com-

plexity of the manual operations required of the astronaut

by the failure of the automatic mode of operation.

The important alternate equipment sets will have to be

evaluated individually to ascertain in a probabilistic

form the extent of degradation in relation to the remain-

ing requirements of the mission. This may require an

error analysis involving the combination of random variables

from different distributions. The feasibility factors

derived from such studies will be incorporated into the over-

all reliability estimation program and the studies derived
from it.

Information from the Full Mission Engineering Simulator should

help determine whether certain combinations of equipments

can interface satisfactorily as far as the electrical signal

interactions are concerned. This information should be use-

ful in determining the accuracy of information or degree

of performance to be expected from the use of a particular

path. The expected performance must be considered in relation

to requirements in determining a feasibility factor for the

path. Also, the deletion or possible addition of paths,

based on the results of the FMES, should enhance reliability
e st imate s.

|NGT$
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We ight-Re liability Study

During the early phases of the LEM program, subsystem target

weights and reliability apporti6nments were generated

independently. These independent approaches lead to several

inconsistencies. Weight apportionments were obtained by

scaling down estimated subsystem weights to meet the LEM

separation weight goal t of _26, 000 po_n&s.

The reliability apportionments were obtained by scaling up

the estimated subsystem reliabilities to meet the goals of

0.984 for mission success and 0.9995 for crew safety. The

major problem in apportioning weight and reliability in

this way is that to meet weight goals, reliability would

have to be reduced, and to satisfy reliability goals, weight

would have to be increased, as, for example, by redundancy.

The objective of the LEM weight and reliability optimization

studies was to aid in the definition of a LEM vehicle which
r__÷_ .,_ ........ a _o_ balanace" _* .... _:-_--'_"_--_.._ _ _wee_ system _u_i_y

and effective weight. The term '*reasonable balance" is used

since it does not seem likely at this time that the stated

mission success, .984, and crew safety, .9995, probability

goals can be met within the target weight constraint using

currently available equipment failure rates.

Implementation of the weight-reliability study was carried

out using the folTowing format. A "nominal" LEM vehicle,

composed of "nominal'* subsystems, approved by the weight-

reliability panel, served as the based for the Weight-

Reliability Analysis. At least four (4) alternate subsystem

configurationswere defined by the cognizant subsystem eng-

ineer in conjunction with the subsystem reliability engineer;

not all of these configurations were either all heavier or

all lighter than the "nominal" subsystem configuration. A

Maximum Mission Success Vehicle, a Maximum Crew Safety

Vehicle, a Minimum Weight Vehicle, and an Optimum Vehicle

will be derived from these configurations.

At the present time detailed studies are being carried0ut

in the following areas in an attempt to arrive at this

"reasonable balance": subsystem weight-reliability trade-of f s;

analysis of alternate mission profiles, i.e., Hohmann Descent

Orbit instead of Synchronous Descent Orbit; subsystem util-

ization studies;including variations in the use of EPS,

ECS, and Ascent Propulsion Subsystems. It is antiaipatedl

that a detailed report will be published during the next

quarter indicating the results of this Weight-Reliability

effort. Table 3.4 is a complete listing of the subsystem

weights and reliabilities used in this study and estimated

for a nominal mission, including a 1¼ synchronous orbit in

descent.
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3.4

3.5

3.5.1

(continued)

Future efforts will include close coordination with the

Apollo Mission Planning Group _n deriving alternate mission

profiles and analyzing the LEM-CSM interface. Continued

updating of weight and reliability estimates as well as the

evaluation of new subsystem and system configurations will

also be carried on.

Reliability Control Programs

The over-all concept of the Reliability Control Programs is

developing in line with the previous quar%erly reports. The

programs comprise a data gathering and retrieval system for

the incorporation of automatic data processing techniques

in the areas of parts control, failure reporting and test

identification. An integration effort is being studied to

insure maximum interface with all three programs. Inaddition,

a special effort is currently being pursued in the areas of

_7__+o+_v_ w_, training, operatin_ _ u_ ...._ s, _ud program

modifications. Special emphasis on a system basis will be

considered during this phase to insure compatibility of

reporting formats, data flow, and data control functions.

Phase one engineering delineation effort is essentially

complete. Minor changes in item description or content

will be considered provided such changes do not require

significant alterations or additions to the current program-

ming effort. Changes affecting major logic redesign or

copious coding assignments will be delay6d for consider-

ation at the conclusion of the debugging effort. These

changes will then be re-examined and evaluated for inclu-

sion into the program.

General Accomplishments

The principal effort of this quarter has been threefold:

completion of the phase one definition effort, finalizing

of the detailed logic design followed by implementation

of the coding assignments. A second task associated with

the latter was the preparation of sample parts data to

be utilized in the computer debugging effort. A prelimin-

ary LEM Radar configuration w_s selected from which data
was extracted and translated into card format for basic

part additions to the parts catalogue. In some instances

this data was revised to exhibit a multiple of computer

problems considered in the over-all programming effort.

This data will be enlarged in volume and further modified

to facilitate other transactions, such as part changes and

deletions for the purpose of testing such computer transactions.

ENG.73
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3.5.1 (continued)

A series of meetings were held with MSC officials to discuss

contents of the NASA publication,"Contractor's Information

Control Center Requirements", dated 250ctober 1963.

Discussions centered on MBC's plan to establish an Apollo

Data Center. Elements of the LEM Reliability Computer

Program which would be applicable to the Apollo data bank

also were examined. It was re-emphasized during these

meetings that MSC plans will not impede the scheduled devel-

opment of the LEM Reliability Computer Program.

3.5.2 Detailed Progress

The functional design of the Parts Control Program was

completed. This design defines four computer sub-programs

as follows:

(i) Pre-Proce ssor

(2) Update

(3) Search and Extract

=oso Processor.

These sub-programs establish the framework for continued

work on the Parts Control Program and the future incorpor-

ation of the failure reporting and te_t identification

functions. This effort will also provide the necessary

input formats for preparing input data that will checkout

and demonstrate operation of the over-all computer program.

*Coding has essentially been completed for the Pre-Processor.

Debugging has progressed and is approximately 90 per cent

complete.

Coding of the Update Program is also approximately 90 per

cent complete and debugging is now in progress and about

80 per cent complete.

Coding of the Search Program is complete and debugging is

40 per cent complete.

Coding of the Post Processor is complete and debugging is

50 per cent complete.
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3.5.2 (continue d )

No further coding assignments have been implemented for

the Test Identification or Failure Reporting Programs$

however, over-all requirements were considered in the

program design. Detailed programming and coding assign-

ments for Test Identification and Failure Reporting Programs

_re scheduled during the next quarter. Debugging and

implementation of the Parts Program will also continue

during this period.

A failure reporting plan was completed containing instructior_

forpreparation of a computer program designed forfast

retrieval of failure data. This plan also contains an

outline for acquisition, processin_and formating of data

for use in the LEM Reliability Computer Program.

Table 3.5.1 sho_s the current LEM Reliability Computer Pro-

gram plan.
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4.1 PROPULSION 513-BSYSTEMS

During this report period the Propulsion Subsystem Reli-

ability Effort has been directed towmrd:

a. the monitoring of engine vendor reliability programs

b. the investigation of failure rates used in GAEC est-

imates of subsystem reliability

c. a comparative analysis of helium pressure regulators

to be used in both the Reaction Control and main

Propulsion Subsystems of LEM

d. a set of ground rules formulated for calculating

subsystem reli6Oility estimates for successive

configurations

e. configuration studies of the ascent subsystem pro-

pellant tankage.

4.1.1 Propulsion S_2 o _em _e_imu- _± oj Programs

There have been no significant changes of subsystem

reliability estimates or _pportio_ments during this

period. The latest available estimates (shown in Table

4.7.2) are the same as those -_hich appear in the thfrd

Quarterly Reliability Status Report (Reference B) _ith the

exception of the descent engine estimates. The descent

engine estimates in this report reflect the respective

vendor estimate.

Deletion of the requirement for operation during the

transfer orbit_ after ascent from the lunar surface,

accounts for the revised reliability estimate of the

ascent engine subsystem.

The apportioned reiiabilities for both the ascent and

descent engine subsystems previously reported (Reference

B) have been revised to agree with the apportionments

defined in the respective engine design control spec-

ifications (References E, F and G) '_

4.1.2 Engine Vendor Reliability

4.1.2.1 Ascent Engine - Bell Aerosystems Company

The Program Plan, including the Religoiiity Plan, (Ref-

erence H) submitted by Bell Aerosystems Company, has not

ENG 73
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$.1.2.1 (continued)

yet been approved by GAEC. Con_nents regarding this doc-

ument were sent to BAC listing the revisions required

prior to acceptance, (Reference J). Receipt of the comments

has been acknowledgelby BAC and revision of the Program

Plan is in process.

During this report period the engine mission operating

requirements were redefined to clarify the times to be

used regarding engine reliability estimates, (Reference K).

The reliability report for the ascent engine was received

from BAC at the closing of this period and is presently

being reviewed for approval of the contents.

4.1.2.2 Descent Engine

4.1.2.2.1 Rocketdyue Division_ NAA

The major portl_n of the Rocketdyne reliability effort

was devoted to preparation of supplementary reliability

data to effect updating of the preliminary reliability

report and its addended revision (References M and N).

This updated report, expected to be submitted to GAEC

in January 1964, takes cognizance of the GAEC revision

request (Reference P and attachment). Also, a revised

estimate of equipment reliability, resulting from a

redefinition of the LEM Mission (Reference K), will be

shown in this updated report.

4.1.2.2.2 Space Technology Laboratories

The Reliability Program Plan (Reference Q) and the

Preliminary Reliability Report (Reference R) for the

LEM descent engine are being revised per GAEC direction

(References S, T, and U) and agreements made at the

GAEC/STL reliability meeting of 3 and 4 October 1963.

The revised documents are expected to be submitted to

GAEC for approval in the near future.

The current STL estimate of engine reliability, (Ref-

erence V) as shown on Figure 5, is considered to be

optimistic. Considering the source of failure rates

used, a reasonable level of confidence regarding the
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4.1.2.2.2 (continued)

validity of the estimate cannot be assumed. However, this

estimate is being revised to delete consideration of the

acceptance test firing time, and the reliability prediction

model is being reformulated to account for each mission

phase and corresponding K-factors per GAEC direction (Re_
erence K).

Because there was no breakdown by phase of the reliability

estimates by either Rocketdyne or STL, the mission success

reliability estimates used in Section B of this report

were brought forward from Reference B.

4.1.3 Failure Rste Investigation

Scrutiny of the supporting data for some failure rates

used in GAEC calculations of propulsion subsystem reli-

ability has made the acceptability of the estimates
doubtful.

GAEC estimates of propulsion subsystem reliability will

be revised fol!ow__ng completion of R survey of the avail-

able failure data from the propulsion systems vendors

and other applicable sources. From the survey results,

the most realistic failure rate will be selected for each

part type present in the subsystem design. The part
application will be taken into account.

4.1.4 Helium Pressure Regulator Analysis

A comparative analysis (Reference A) was completed for

two helium pressure regulators being considered for use

in both the Reaction Control and the main Propulsion

Subsystems of LEM. Analysis conclusions were based on

the assumption that the reliability of a part is inherent

in the function it performs and will be similar to other

parts of similar functions.

Results of the analysis indicate that selection of the

Sterer regulator design would provide the applicable

subsystem with the higher inherent reliability.

irNG 73
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$.1.5 Analysis Ground Rules

To insure consistent analysis methods for successive

configurations of subsystem equipment, it is necessary

to record the considerations accounted for in reliability

estimates. Therefore, the following ground rules, per-

taining to both the ascent and the descent propulsion

subsystems, are established:

IQ Propulsion subsystem reliability estimates shall

consider the interaction of the separate ascent

and descent propulsion subsystems.

a. Ascent and descent propulsion subsystem reli-

ability estimates combine in series for calc-

ulation of mission success probability.

be During the initial two-hundred (200) seconds

of powered descent_ the probability of a success-

ful abort is derived from the parallel co_oin-

ation of the ascent and descent propulsion sub-

system estimates.

For the concluding two-hundred eighty (280)

seconds of powered descent, the ascent propul-

sion subsystem alone contributes to the success-

ful completion of an abort mission phase for

crew safety.

e The probability of explosion is considered during

all LEMmission phases. Explosion probabilities

attributed to the descent propulsion subsystem are

neglected after lunar launch.

e Mission success requires a minimum four (4) hour lunar

stay. A twenty-three (23) hour lunar stay is consid-

ered in estimating the crew safety probability.

4. Environmental factors to be applied for reliability

calculations of various mission phases are:

Engine Assemblies: Boost Pressurized --_Non-boost Pressurized l.O

Boost Unpressurized --_ OO1
Non-boost Unpressurized .3

|NG 73
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,,_ 4.1.5

(continued)

All Other Propulsion Subsystem Equipment:

Boost Pressurized i0.0

Non-Boost Pressurized 1.0

Boost Unpressurized .01

Non-Boost Unpressurized .001

5. The regulator configurations and quad check valves

of both main'propulsion subsystems arel considered

to operate in quad redundancy for both mission success

and crew safety. Redundant operation is provided

for either the open or closed failure modes.

. The normal mission for both the ascent and descent

propulsion subsystems considers series operation of

the helium storage tanks. An alternate mode of oper-

ation for the ascent propulsion subsystem assumes

loss of one helium tank prior to lunar launch. The

remaining helium tank will provide subsystem pressur-

ization sufficient to permit the achievement of a

clear pericynthion orbit, assuming CSM rescue.

. The primary function of the ascent propulsion stfosys-
tem terminates at insertion into the transfer orbit.

Crew safety considerations regarding explosion termin-
ate when the LEM is abandoned after crew transfer is

completed.

. The ascent subsystem is initially pressurized for

one-hundred (i00) minutes on the lunar surface for

checkout purposes.

. The nominal mission does not include the parking orbit

contingency after lunar launch.

4.1.6 Propellant Tankage Configuration Studies

Configuration studies were accomplished to determine

comparative reliability estimates of dual tank, with (i)

parallel feed and (2) series feed, and single tank propel-

lant storage configurations for the ascent propulsion

subsystem. Results indicate that the single tank config-

uration is the most reliable.
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4.1.7 Discussion

4..1.7.1 Investigation of Failure Rates

The failure rates used in the current estimates of ascent

and descent propulsion subsystem reliability, as published

in the third Quarterly Reliability Status Report (Reference B),

were obtained from an Aerojet General Corporation report

(Reference D).

An investigation of these failure rates was undertaken to

determine their validity for application to LEMpropulsion

subsystems.

As the investigation developed it was found that the Aero-

jet part failure rates had been operated upon by a Variety

of factors, not all of Which have been made available to

GAEC. This development makes the continued use of the

affected rates untenable, since statistical justification

for their use cannot be accomplished with any degree of
confidence.

The reliability estimates for the initial weight-reliability

configurations of the propulsion subsystems will be revised

after acceptable failure rates have been determined. The

failure rates shall be selected from a survey of failure

data collected during use of similar equipments in oper-

ational and test program applications. Failure rate

selections shall be made for each part type present in

the subsystem design, and each shall possess sufficient

background data to justify its use wherever possible.

4.1.7.2 Pre-launch Ready Condition

The reliability estimates shown on Table 4.1.2 include only

that time during the mission from launch through lunar

landing. The current reliability estimate by Rocketdyne

for the descent engine for the pre-launch period (180 days

from last engine firing) is .856329 which appears unreason-

ably low for this non-operating period. Effort will con-

tinue in the area of defining more accurately the time

period involved, the major contributors to the io_ reli-

ability and means of alleviating their effect, and the

pre-launch checkout plans. Until such time as these items

and their effects are known, it does not appear reasonable
to include them in the over-all mission estimate.

IrNG IS

Contract NAS 9_ii00 N_rLPR-550-4

Primary No. 760 , OATm i February 1964
G'UM_.. *atCt*f, e.O,.Eia0.O CO.PO.A,00.



PAO,e 4.1.7

4.1.7.3 Propellant Tankage Configuration Studies

During this report period there has been a concentrated

design effort to revise the basic weight-reliability

configuration of the ascent propulsion subsystem shown

in Reference B, (the estimates of which are shown in

Figure 5), to provide more efficient propellant utilization°

A shortcoming of the basic configuration is that helium

"blow-by" can isolate the propellant remaining in one of

the dual storage tanks, and effectively stop propellant

flow to the engine. Helium "blow-by" is the condition

that exists when helium passes through a tank_ whose pro-

pellant supply has been exhausted, into either the fuel

or oxidizer inlet line of the injector.

This condition results in complete loss of thrust and

could seriously affect crew safety.

Three alternate tank configurations for ascent propellant

storage have been proposed to decrease the quantity of

propellant trapped in storage when helium "blow-by" occurs.

Basic features of these proposed configurations are:

a ...... rco ........d _ tanks for each propellant with

simultaneous parallel feed

b. Series connected dual tanks for each propellant

c. A single tank for each propellant

The dual tank, parallel feed configuration introduces check

and solenoid valves to tank interconnect lines. These

valves prevent intertank migration of propellant and insure

that ullage unbalance will not exist prior to engine firing.

The additional valves, however, increase the possibility

of unequal flow rates from each tank, resulting in helium

"blow-by" and trapped propellant.

The series connected dual tanks prevent intertank migration

of propellant, prior to engine operation, by application

of a zero gravity screen in the interconnecting propellant

line. Helium "blow-by" directly to the engine inlet line

is inhibited while a propellant supply is present by intra-

tank baffles and the series connection of the dual tanks.
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4.1.7.3 (cont inue d )

The single tank configuration further reduces the residual

propellant at engine burnout to that amount normally

trapped by the tank internal baffle design.

Analyses of the three configurations were accomplished to

determine comparative reliability estimates for use in the

selection of a configuration that will best serve LEM

requirements. These estimates (Table 4.1.i) were derivedin Ref(W)

by utilization of the same part failure rates, applicable

operating times, and analysis methods used for estimates

published in the second Quarterly Reliability Status Report

(Reference C). The applied operating times of References

B and C differ. Therefore, the results presented in

Table 4.1.1 should hot be compared with the ascent pro-

pellant tankage reliability estimate presented in Table
4.1.2.

Though the absolute results (Table 4.1.1) may be questioned

because of the applied failure rates and operating times,

valid conclusions can be made regarding the relative tell-

abilities of the respective configurations.

Results indicate that the single tar_ configuration is
the most reliable.
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TABLE 4.1.1

COMPARATIVE RELIABILITY ESTIMATES

PROPOSED PROPELLANT TANKAGE CONFIGURATIONS - ASCENT SUBSYSTEM

Mission Reliability

Dual Tank Storage:

Parallel Feed

Series Feed

Single Tank Storage

.99318

.99836

.99861
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4.1.8 (continued)
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4.2 GROUND SUPPORT EQUIPMENT

4.2 .I Summary and Conclusions

The GSE Reliability effort this past quarter has been con-

centrated in the following areas:

a) review of GSE apportionment techniques.

b) preliminary review of LEM checkout measurements list

c) revision of FEAform for use in GSE failure prediction.

An effort was undertaken to come up with a realistic apportion-

ment for the GSE, primarily in the mission-essential category.

This renewed effort is necessary because the provisional

estimate of .999991 (as used in LPR-550-1) no longer has real

significance. The initial apportionment was purely an index

of mission success probability and is not sufficient for GSE

usage. One possible approach to a reapportionment will be

to relate the pre-launch checkout measurements to a probability

that no undetected defects remain in LEM after checkout.

Other factors that may warrant consideration for this analysis

include: test equipment and/or measurement accuracy, false-

alarm probability, test equipment-induced spacecraft failures,

repetitive checkouts, and others as mentioned in Reference (a).

Regardless of the technique(s) used, a reliability/weight

trade-off of sensors will be a governing factor.

An advance copy of the LEM checkout measurement_ list was

received during this report period listing proposed measure-

ments for all LEM subsystems. Roughly, 65 per cent of the

965 measurements are collected via the Flight PCM and inter-

leaved with the remaining 35 per cent which are obtained by

the PACE carry-on equipment. It is hoped that this list can

be categorized into those measurements needed for crew safety,

malfunction isolation, and pre-flight evaluation and sub-

sequently optimized to provide the most reliable set of test

points consistent with the weight, accessibility, and space

constraints. The functional level of malfunction isolation

must also be defined along with the test points required.
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4.2.2

4.2.2.1

4.2.2.2

PAGe 4.2.2

(continued)

There have been no major carry-on equipment configuration

changes; the functional block diagram (Figure 4.12.1) of

Reference (g) remains essentially intact. The PACE-S/C

reliability block diagram has been partially updated to place

the uplink on the same level of assembly as the downlink,

i.e., the equipment level. This Updated diagram is shown as

Figure 4.2.1 of this report. Table 4.2.1 gives the latest

reliability figures (apportioned and estimated) and weight

(estimated) for the LCE-PUL.

The anticipated effort for the ensuing quarter shall include

the following tasks:

a. establish hew apportionment ground rules for GSE

b. continue analysis of LEM checkout measurements list

• • ' i_. i_.'_.... • 14 _,_,, , 5r

(U'. _ _ .

General Function Description

PACE-S/C

Although the PACE-S/C carry-on has remained virtually fixed

in configuration since the last report, it might be well

to mention in retrospect other information received in the

last quarter.

Information has been received on preliminary weight and
placement estimates of both carry-on equipment and its

associated test points (see References b, c, e, and f).

Once again, it must be emphasized that, although the carry-

on equipment in itself does not fly, certain portions of

the test point/cabling complex do, and must be considered

accordingly.

Bench Maintenance Equipment (BME)

Nothing to report this quarter.
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SCSU
Carry-on

PCM

.99960*

s/E
, Pace-S/C

Adapter

Pace Downlink (LCE-PDL)
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Transmlsslon I

Link ]

*See Note 2, Table 4.2.2

DTVC t ]Transmlssion J 1 L
• 99600*

Pace Uplink (LCE-PUL)

Figure 4.2.1

Reliability Block Diagram (Eqpt. Level) Pace-S/C Carry-¢___
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4.2.2.3

4.2.3

Fluids Support Equilmuent

Nothing to report this quarter.
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4.3 REACTION CONTROL SUBSYSTEM

4.3 .i Sunnuary and Conclusions

The Reaction Control Subsystem configuration has not changed

from that described in the past two Quarterly Progress Reports.

Efforts during this quarter were directed alongthe lines

Of studying details of the previous analyses, i.e., methods

of analysis, failure mode and effects analysis, reliability

implications of interfaces with other subsystems and alternate

configurations used in the weight reliability studies.

4.3.2 Major Efforts Anticipated in Next Quarter

In the next quarter, a compilation of failure rates on Pro-

pulsion and Reaction Control Systems will continue. At the

present time, failure rates are not sufficient to provide

a high degree of statistical and/or engineering confidence
in absolute values.

A thruster path study will be undertaken to further define

engine reliability. Up to now, it has been assued that

eight out of sixteen thrusters are needed to complete the

mission (considered an approximation). For the purposes of

the thruster path study it will be assumed that the present

RCS configuration will be used. Below is an outline of the

study:

i. A detailed analysis of the modes of operation of the RCS

2. A phase by phase breakdown of the mission

3. Determination of requirements for each phase

4. Generation of a reliability model for the respective

phases.

[HG ?]
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4.3.3 Discussion

4.3.3 .i W_eight-Reliability Stud_

These studies were initiated during the last reporting period

and will be discussed here. The objective of these studies

is to aid in the definition of a LEMvehicle which represents

a reasonable balance between system reliability and effective

weight.

Five RCS configurations were evaluated ranging from the

simplest that would perform attitude control to the current

configuration (LDW-310,10100). The reliability block diagrams

for each configuration are shown in Figures 4.3.1 through

4.3.57 alongwith specific characteristics of each configura-

tion. Table 4.3.1 includes independent mission success and

crew safety reliabilities. The details of this Study can be
found in reference (e).

TABLE 4.3.1

Weight-Reliability Configuration Table

Figure
No.

4.3 .i

4.3.2

4.3.3

4.3.4

4.3-5

Weight

546.6

528.8

488.5

534.7

476.8

R(M)
Mission Success

Reliability

0.9974

0.9973

0.9966

0.9974

0.99078

R(S)
Crew Safety

Reliability

0.9999+

0.9999+

0.9992

0.9999

0.9979

NOTE:

1. R(M) calculation does not include lunar stay time from

4-to-23 hours.

2. For R(M) calculations from pre-separation to hover, both

legs of tankage and engine systems are considered in series.

3. For R(S) calculations from pre-separation to hover, legs

are considered in parallel redundance.

4. For powered descent from hover to touchdown, R(M) calcula-

tion considers only I out of 2 legs required.
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IEn nesl

Configuration Characteristics:

Tankage Is parallel except for pre-separation through powered descent to 1000 feet;
engines are in parallel throughout the mission.

Figure 4.3.1
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_.._Siagle

Manifold

Configuration Characteristics:

1. Engines and tankage are same as Figure 4.3.1.

9.. Addition of single manifold which acts as a series link in the

reliability model. Current configuration contains dual manifold, hence
single failure will not Jeopardize mission.

Figure 4.3.2

8

Engines

8
Engines

Configuration Characteristics:

1. Engines siu'ne as current configuration, Figure 4.3.1.

2. Helium tankage and controls, propellant tankage and single manifolds are
series links in the reliability model.

1

8

Engines

8

Fnglncs

Fi._,urc 4.3._
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8

Engines

8

Engines

Confi_[uration Characteristics:

1. Single element of Helium supply and controls, dual prop_dlant tanks
and redundant pair thrusters with dual manifolds.

2. Helium tankage and controls are series links in the reliability model.

Figure 4.3.4

Confll_urat Ion Charactt, rlstics:

1. tlellum tank_ge and _:ontrols, propcllmlt tankage lind single manifold are

series links In the reliability model.
2. Engines are quads an opposed to p_drs in other cases.

(LP11-550-2, dated, August 1963)

3. Three out of four quads must opernts for success.

4

Engines

4

Engines

4

Engines

4

Engines

ill_/,|ll'tJ II l :l. 5 '

|,
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4.3.3.2 Failure Mode and Effects Analysis

This analysis was completed for the current RCS configuration

(LDW-310-10100), Reference A. Reference B. gives a break-

down of the RCS. It is planned to update this study period-

ically as the subsystem becomes operational. It was reconmuefld-

ed that in the Helium Pressurization Subsystem the addition

of four (4) check valves in series downstream of the two-stage

regulators is necessary if a significant portion of the failure

rate is associated with external leakage. As the configuration

currently stands, there is a possibility of the pressure

regulator system allowing helium to flow from the redundant

regulator through the helium manifold back into the ruptured

regulator and out of the system. I also recommended consider-

ing addition of high pressure relief valves in the Helium

Pressurization Subsystem for crew and personnel safety.

4.3.3.3 Regulator Comparative Analysis

A comparative analysis of helium: pressure regulators, proposed

by the Fairchild-Stratos Corporation and Sterer Engineering,

for use in the LEM RCS, has been completed. The analysis

was accomplished at the request of the LEM RCS Subsystem

group to aid in the selection of a regulator. Results of the

analysis (see Reference C) indicate that the Sterer Regulator

would best serve the reliability requirements. The reliabil-

ity of the parts comprising the Sterer Regulator Assembly

are similar to parts of like functions and proven reliabil-

ities in the Fairchild Regulator Assembly. The reliability

of a part is inherent to the function it performs. In all,

fifteen (15) parameters were analyzed, and nine (9) of the

most significant favor the Sterer design. Features which

give the Sterer Regulator Assembly a higher inherent reli-

ability are single valve and valve seat of each stage, an

integral valve body, reduced number of parts moving indepen-

dently, and total number of part functions susceptible to

leakage.

4.3.3.4 Isolation Valve Study

A study was completed (see Reference D) comparing RCS mission

success reliabilities with and without cluster isolation

valves. It was pointed out that the elimination of cluster

isolation valves could necessitate shutting down one set

of propellant tanks (half the RCS propellant supply) in the

event of a single engine failure. Thus, an open, closed, or

lllll 7."
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Isolation Valve Stud_ (continued)

leakage malfunction of anyone of 32 engine valves could abort

the LEMmission. Moreover, failure of a cluster could re-

quire shutdown of both sets of tanks; and, therefore, catas-
trophic loss of vehicle control. Experience to date with the

Marquardt engines suggests that engine (or cluster) fragmenta-

tion is, and could continue to be, a principal mode of failure.

Malfunction of any of several combinations of two (2) engines

in the system could have thesame result. The effect on RCS

reliability would be severe. The elimination of the valves

would reduce reliability of the engines from .999931to

•987050 for mission success, and would reduce the current RCS

mission success reliability from .997797 to .984916. Since

the apportioned mission success reliability is .999804, the

impact on reliability would be severe if the cluster isolation
valves are eliminated.

4.3.3.5 Ascent Interconnect Study

As the RCS presently stands, the Ascent Interconnect is a

degraded mode of operation. The possibility of utilizing

ascent propellant during the powered ascent phase makes the

interconnect a series link in the reliability model. This

makes for a more complex system with no apparent gain in

reliability. This is characterized by the crossfeed valves,

which are now squibs, by changing them to solenoids for

opening and closing purposes. A comparison showed that in

the nominal mode (current) the mission success reliability

is aaaaaAh _._1_ 4_ +_ _4_I _ _+41_ +_ _S_+

interconnect the mission success reliability is .9999971.

Based on the results, it has been decided to stay with the

existing mission philosophy.

A by-product of this study was to consider whether the ascent

interconnect is really needed. It presently accounts for

approximately 25 potmds (four valves, two filters, lines,

and trapped propellant) and is expected to be a costly de-

velopment item. A study will be performed as to its affects

on mission success and crew safety and reported in the next
quarterly.

|_G 73
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4.3.3.6 Fgasibility of Completing Mission in Event on RCS Tankage

System Fails

This study w_s conducted in order to investigate other

possible modes of operation of the RCS to enhance system

reliability. The question has arisen as to whether an

abort is required during descent if one of the two RCS

Propellant Tankage Subsystems fails. The question cen_

teres about the ground rule requiring abort if the next

failure would jeopardize crew safety. One position taken

is that RCS tanks with positive expulsion devices (bladders)

are necesary for crew survival. Opposed to this position

is that the reaction control engines can be operated from

contingency propellants in the ascent tankage (not equipped

with positive expulsion devices so that propellant is avail-

able only under lunar gravity or +x axis thrust) being used

to perform standard aborts with the Command Module perform-

ing the rendezvous.

The design of the RCS Tankage Subsystem is such that a

leakage type failure depleting propellants is the most

likely. The types of failures that would make a tankage

subsystem useless instantaneously will probably be lethal.

The valving in the RCS ta_age is such that most serious

leak type failures can be controlled. The next result is

that even if both RCS tankage subsystem fail some RCS

tankage capability will be available to stabilize the

LEM during critical periods such as docking or crew trans-

fer if the available _V is employed judiciously.

The conclusion is reached that an abort is not required

in an event of an RCS tankage subsystem failure if adequate

contingency propellants are provided in the ascent tankage

subsystem. In the course of the study it w_s discovered

that a center-of-gravity (CG) control problem exists when

one RCS tsm_kage subsystem fails. Operational procedures

and propellant allocations can minimize this danger.

Recommendations are as follows:

1. A change in logic of the S and C should be incorporated

to minimize the fuel penalty during powered flight.

2. Abort not be required in event of failure of one of

RCS tankage subsystems.

3. Develop feasibility of implementing a "cross coupling"

mode for attitude control during powered flight and

operational procedures which will cope with the CG un-

balance problem (which can result from an RCS tankage

subsystem failure).

\
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4.3.4 Ground Rules

There are special reliability features in the RCS which

require ground rules fundamental to the system. In order

to clarify the results of numerous analyses and better

coordinate with other subsystems_ a basic ground rule list

was prepared. This llst is expected to get larger as the

program progresses and the mission is better defined.
Below is the listing:

i.

.

The mission is aborted if either RCS tankage subsystem

fails during descent.

Abort if next failure would jeopardize crew safety.

o Full redundancy is available for X translation and

X, Y, and Z rotation - Y and Z translations are not
redundant.

. A failure of either valves or engine will result in

an engine pair being shut off by the thrust chamber

isolation valves. This implies that the four oxidizer

and propellant solenoid valves (two of each) are con-
sidered in series.

. Criterion for mission success: from translunar flight

to hover all tankage is in series; thrusters are re-

dundant throughout the mission.

6. Four stress levels are considered to be applied to

the mission time: boost pressurized, -lO.O; boost

unpressurized_l.0; non-boost pressurized, -.O1;

non-boost unpressurized, -O.001.

. Translation by means of thrusting on Y or Z axis with

one thruster and removing the torque by another pair

of thrusters (with propellant penalty) is a degraded

mode of operation.

. Failure data is based on ground environment with the

system pressurized.

I|II 71
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4.3.5 Vendor Monitoring

4.3.5.1 Mar _uardt Corporation

The scope of TMC effort agreed on in Phase "B" subcontract

negotiations was reviewed. As a result several scope changes
were embodied in the Phase "C" final negotiations. TMC will

analyze, isolate and attempt to prevent malfunctions and

failures in order to achieve the required reliability goals

on the RCS propellant system and thrust chamber assembly.

The Marquardt Program, received by Reliability on 21 October

1963_ has been reviewed and the Reliability section found

generally unacceptable. The text contains very little spe-
cific data.

A complete monitoring of TMC effort is underway and will

be reported in the next Quarterly. TMC status appears in
Table 4.3.2.

4.3.5.2 Bell Aerosystems Company

The reliability effort associated with propellant tankage

will be performed by Bell. The "common usage" tanks w_ll

be procured directly by Grumman and furnished to TMC for

system integration. The program plan is due February 1964.

Table 4.3. 3 shows subcontractor status. Technical progress

will be described in the next Quarterly Report.

4.3.6 References

A. LED-550-14, "RCS Failure Mode and Effects Analysis",
dated 8 November 1963.

B. LM0-310-73, "Reaction Control Subsystem Description

and Update", dated 24 October 1963.

C. LM0-550-182, "Reliability Comparative Design Analysis

for RCS", dated 13 December 1963.

D. LM0-310-87, "RCS Cluster Isolation Valves and Failure

Detection Logic", dated 6 December 1963.
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TABLE 4.3.2
SUBCONTRACTOR STATUS

Subcontractor: MARQUA_ CORPORATION Equipment:

Specification No: LSP-310-2B (REVISED) Date:

Vendor Reqmt. Doc. No: LVR-310-2 Date:

Purchase Order No: 2-18831 Date:

Page 4.3.11

REACTION CONTROL TCA

18 September 1963

.7_y196_

22 Ju_v i_6_

Jan. !_n. Jan

1963 196_ ].96
2 3 4 5 67 89 lO]ll2 2 3 4 5 6 7 8 910_]2

Specification Preparation

Vendor Reqmt D<_c Prep

Proposal ]_eview

Vendor Negotiation

Vendor Go-Ahead

Program Plan

Reliability Report

Failure Effect Analysis

Failu_'e Mode

Pr@diction Analysis -

Configuration Analysis

Component Part Approval

Circuit Analysis

Maintainability Analysis

Reliability

Assurance Plan

Reliability
Assurance Auaiysis

Apport ionme _t

and Estimate

Design Review

Rejected - Major Revision

Reissued

Contract NAS 9-1100

Primary No. 760 •
. _ LPR-550-4

-- ...... _m I February 1964
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TABLE 4.3.3
SUBCONTRACTOR STATUS

Subcontractor: BELL AEROSYSTEMS COMPANY

Specification No: LSP-310-405

Vendor Reqmt. Doc. No: LVR-310-405"

Purchase Order No:

Equipment: REACTION CONTROL TANK.

Date: 29 August 1_6_

Date: I" 20 September 1963
Date:

MILESTONES

Jan. _an.

1963 196_ 1965

2 3 4 5 6 7 8 9 i01112 2 3 4 5 6 7 8 9101119

Spec ifieatlon Preparat ion

Vendor Reqmt. Doc. Prep.

Proposal ]Review

Vendor Negotiation

Vendor Go-Ahead

Program Plan

Reliability Report

Failure Effect Analysis

Failu_'e Mode

Pr_dietion Analysis <_.

Configuration Analysis

Component Part Approval

Circuit Analysis

Maintainability Analysis

Reliability

Assurance Plan

Reliability
Assurance Analysis

Apportionme_It

and Estimate

Design Review

A Due

A Received A

Rejected - Major Revision

Reissued

Contract NAS 9-1100

Primary No. 760"

G|UMMAN AIICRAFT ENGIN||i|NG CO&POIAT|ON
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4.4 STABILIZATION AND CONTROL SUBSYSTEM

During this period the reliability effort was directed toward
the following areas:

i. Weight-Reliability Study

. Study of Gimbal Angle Sequence Tra_.sformation Assembly

(GASTA) and Attitude Indicator

. Revision of Parts Count and Reliability Estimate for
GCAand ATCA.

4. Vendor Negotiations and Review Specifications.

Reliability data is summarized in Table 4.4.2; tasks performed

to date are summarized in Table 4.4.3.

A summary of the ground rules that were used in analyzing
the S and C Subsystem are shown below:

8 The mission of the SCS includes the operating and non-

operating phases from launch to rendezvous and docking

as shown in the mission profile.

2, No contingency phase is included in the reliability
studies.

.

.

Operating time on the lunar surface is the same for a

minimum 4-hour stay as for the full 24-hour stay.

The RGA_ AC, and TC have dual redundancy throughout
the mission.

. A full synchronous orbit is assumed for calculations

in this report.

4.4.1 Discussion

4.4.1.1 The work performed in this quarter consisted partly of the

application of LED-550-11_ which gives the lower-bound
reliability of the Control Electronics Function of the SCS.

This report develops the reliability mathematical model for

the Control Electronics Function. A memorandum (LM0-550-183)

comparing the reliability between a one-wire and two-wire

configuration for main engine on/off switching was also pub-

lished during this quarter, in conjunction w_th the Navi-

gation and Guidance Reliability group. This analysis esti-
_÷_a t_ _1_o_÷_. _ _ _ug!e _.Hre _o_ _r_ _/_
switching as 0.998154 _hi!e the estimated reliability of a

two-_re configuration w_s 0.9999966.

11111171
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4.4.1.2 Reference (a) shows a parts count and failure rate determination

for the Gimbal Angle Sequence Transformation Assembly (GASTA) and
the Attitude Indicator (8-Ball). Two configurations of the

GASTA and 8-Ball are analyzed in Reference (a) and their associat-

ed reliabilities shown. A parts count and reliability estimate

for the Guidance Coupler Assembly (GCA) and the Attitude and

Translation Control Assembly (ATCA) are described in Reference (a).

Back-up Guidance Control Panel and ARAPower Supply equivalent

operating time are delineated in Table 4.4.1. Tables 4.4.2 and

4.4.3 give a summary of the reliabilities and weights and work

performed_in the Stabilization and Control System for 1963 re-

spectively.

4.4.1o3 In the weight-reliability study of the Stabilization and Control

Subsystem performed during the third quarter, four different con-

figurations of the Control Electronics Section (CES) were eval-

uated for crew safety and mission success reliability. The Back-

up Guidance was not considered in this analysis, because it is

so closely tied to the guidance function. For this reason, the
Back-up Guidance considerations were included with those of the

Navigation and Guidance Subsystem.

The first or nominal configuration of the CES consisted of non-

redundant Guidance Coupler Assembly (GCA), Attitude and Transla-

tion Control Assembly (ATCA), and Descent Engine Control Assembly

(DECA). The Rate Gyro Assembly RGA), Attitude Controller (AC),

Translation Controller (TC), and Gimbal Drive Assembly (GDA) are
all considered redundant.

The second configuration is similar to the first configuration

except for the fact that the GDA is considered non-redundant,

to reflect GAEC thinking at that time. Since then, the GDA

non-redundant and removed the failure and combinational logic

from the ATCA. This was performed to reduce the weight of the

Stabilization and Control Subsystem to a minimum.

The fourth configuration represents a high reliability method

for implementing the Control Electronics Section of the SCS.

Except for the DECA_ all assemblies have been considered re-

dundant. The back-up ATCA used in this configuration is the

degraded model with the failure and combination logic removed.

Relays have been included to provide the switching from the

primary mode to the back-up mode.

Figure 4.4.1 shows the general reliability block diagram for

each of the above configurations along with the mission success

_ud crew safety re!iabilities and weight estimates. The model

used for calculating the mission success and crew safety reli-

abilities is outlined in Reference (g).

I

I
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L Nominal Configuration

a_ RGA

6 Ibs 15 Ibs 4.4 Ibs 4.5 Ibs 6 Ibs 9.6 Ibs 9 Ibs

Total Weight: 54.5 lbs. _,. Mission Success: 0. 995830
Reliability: ,- Crew Safety: 0. 996638

II. Nominal Configuration with Non-Redundant GDA

J

I GCA '|_ ATCA RGA GDA TC

6 lbs 15 lbs 4.4 lbs 4.5 lbs 3 lbs 9.6 lbs 9 Ibm

Total Weight: 51.5 lbs r--- Mission Success: 0. 995750
Reliability: L_ Crew Safety: 0. 996628

III. Light Weight Configuration

1°°',H"c"H "°"H °'°"H,,°'"H H "°P
6 Ibs 12 lbs 2.2 lbs 4.5 lbs

Total Weight: 37.0 lbs Mission Success: 0. 983830
Reliability: F Crew Safety: O. 987288

IV. High Reliability Configuration

Total Weight:

Reliability:

3 lbs 4.8 lbs 4.5 lbs

12 lbs 27 lbs 4.4 lbs 4.5 lbs 6 lbs 9.6 lbs 9 lbs

72, 5 lbs _- Mission Success: . 999882
Crew Safety: 999925

* The weights recorded are those valid as of 15 December,
1963, and may differ from those recorded in System Anal-

ysis Section

+ Degraded ATCA; failure and combinational logic removed

F!GL_2 4.4. i

S & C Weight-Reliability Study *

Contract NAS 9-1100

Primary No. 760

February 1964
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,

4.4.1.4

4.4.1.5

Due to the difference in coordinate system of the Attitude

Indicator relative to the guidance platform, it is necessary

to have a Gimbal Angle Sequence Transformation Assembly (GASTA).

A parts count shows the failure rate ( NL) of the GASTA to be

46.435 x 10 -6 and of the indicator to be 59.377 x 10-6. The

reliability of a single indicator configuration is 0.9987; that

of a two-indicator configuration is 0.9995. In a two-indicator

configuration, an indicator would be available to each of the LEM

crew members. Both configurations are well below the apportioned

reliability (0.999985). The details of the above study can be

found in Reference (a).

The parts count for the GCA is the first one made which is based

on design concept. Although the design concept is preliminary_

the reliability estimate indicates that the apportioned reliabil-

ity is feasible.

The parts count for the ATCA has been shown before_ but not in

complete form_ and without showing the breakdown into sub-

assemblies. There has also been some revision in the parts

count itself. For these details and those of the GCA, see

Reference (b). The reliability estimates of the above assemblies

are summarized in Table 4.4.2.

I
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TABLE 4.4.1

EQUIPMENT EQUIVALENT OPERATING TIME ESTIMATES*

ARA POWER SUPPLY AND BACK-UP GUIDANCE CONTROL PANEL

Im+ +l

Mission Phase

'i

_re-separation

(D-J)

_epamation

_n, K2)

Injection

[K3)

3ynchronous Orbit

[K4, K5)

Powered Descent

(K6, K7)

_over To Touchdown

(KS)

Pre-launch Lunar

(LI-_6)

_scent

(m)

Midcourse Without

Zontingency

(m3,m)

Rendezvous

(m5)

Docking
(m6)

Total

Time

(min.

5o91.o

i0.0

o.5

151.9

6.0

2.0

1378.5

6.0

58.1

24.0

15.0

Operate
Non-Boost

)!_ime_.0
(min.)

i15.75

8.7

0

151.9

0

0

15o

58

24

15

Operate Non-Operate
Boost Non-Boost

Time <Time

xlO. 0 xO. CO1 _in_

(min.)

0

13.0

5.0

0

6O

2O

0

6O

1

Non-Operate
Boost Time

_o.oi(mi_)

Equivalent

Operating

Time (hr.)

4.87

0

0

0

0

i.23

+0

0

0

0

1.04

0

0

0

0

0

0

0

0

Total Time

w/o cont. )

2.03

0.36

0.083

2.53

1.O

0.33

2.52

1.O

O.983

o.4

0.25

= 11.5 hrs.

PI I PI II li l.JI_ i ..... I I llI ..... III I+_ I II

Times obtained from LDW-390-lOOOOB, LEM Electrical Load Analysis,

dated 5 November 1963.

l l|.....i]Y..............................................
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4.4ol.6 The following proposals were reviewed in this period:

HONEYWELL AERONAUTICAL DIVISION

Proposal 3B-S-95, Rate Gyro Assembly for the LEM Stabilization

and Control Subsystem, dated 20 November 1963

KEARF0_I_ DIVISION

Proposal E-1028412G, Rate Gyro Assembly for the Lunar Excursion

Module (LEM), dated 20 November 1963

NORTHROP NORTRONICS

Proposal E-867, AC/AC Rate Gyro Assembly for Lunar Excursion

Module, dated 20 November 1963o

Vendor negotiations were conducted with the successful bidder

_earfott Division, General Precision, Incorporated) on the

Reliability Program for the Rate Gyro Assembly.

4.4.1.7 Reliability Effort for Next Period

In the next period attention will be directed toward the

back-up guidance system, expecially in the areas which have

not been covered to date as indicated by Table(7), such as

configuration analysis, reliability block diagram, etC..rAn

updated parts count and failure rate determination will be

performed on the GCA and ne_ revised operating times on all

assemblies will be determined. Calculation of the reliability

of the automatic mode of operation for the Control Electronics

Section wiil be continued in the next period.

4.4.2 References

A. LMO-550-202, "Attitude Indicator Configuration Analysis,',

dated 3 December 1963.

B. LM0-550-203, "Updating of Reliability Estimates of GCA

and ATCA of SCS", dated iO December 1963.

[NG 7]
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4.5 NAVIGATION AND GUIDANCE SUBSYSTEM

4.5.1 Efforts during this report period have been expended in the

following areas:

. Continued the updating of the reliability estimate of the

N & G subsystem as more empirical data on failure rates

were received and/or when modifications to the mission

plan occurred.

• Continued participation in weight-reliability study as it

applies to the overall Navigation and Guidance function.

. Completion of the configuration analyses of the onboard

S-Band communication equipment as a possible backup for
the rendezvous radar.

. Review of the RCA Program Plan, dated 20 December 1963o

. The initiation of configuration analyses of the computer-
radar interface units in order to determine therelative

reliability effects due to the installation of individual

interface units in each discrete radar instead of the

common interface unit, which is presently in the rendez-

vous radar.

• Configuration analysis on both a functional and reliabil-

ity basis of the possible modification of the engine

ON/0FF control signal interface between the PNG$ and SCS

subsystems.

• Evaluation of landing radar subcontractor proposals from

Ryan Aeronautical Coo, LFE_ GPL_ and Raytheon.

4.5.2 As of the writing of this report_ coordination meetings with

MIT, MSC and GAEC have been held to determine the applicable

MTBF of the PNGS which significantly affects the overall

guidance function reliability. This failure rate estimate

will be implemented in the reliability model in conjunction

with the radars and backup guidance system to determine the

R(M) and R(S) of the LEM guidance function. Continued

liaison with MIT during the next report period should

alleviate the reliability discrepancies and methodology

differences used to assess the reliabilities of the respective

MIT PNGS units. GAEC has recently received reference*(d)_

from MIT, which is expected to clarify some of the heretofore

problem areas. The document contains the reliability progress

for the period ending October 31_ 1963o
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4.5.3 Based on information contained in paragraph 4.5.5, those

estimates of the overall guidance function R(M) and R(S) used

in the weight-reliability studies will be updated in accor-
dance with reestimates of PNGS.

4.5.4 The configuration ar_s,es of the onboard S-Band communication

equipment, as a possible replacement for the X-Band rendezvous

radar, were completed during this period. Two different S-

Band configurations were evaluated as con_pared to the present

radar configuration. These included; (a) replacing the LEM

X-Band radar with an S-Band unified communication system

using the present S-Band tzansponder with additional ranging

equipment, (b) replacing the CSM X-Band radar with the

existing S-Band trausponder and additional ranging equipment

and without the LEM X-Band transponder electronics°

The calculations showed that the reliabilities for both S-

Band configurations as con_pared to the present system changed

rather insignificantly and subsequently caused negligible

change to the overall guidance function reliability• Based

on these conclusions and other determining factors, such as

weight and capability, the systems coordination group stated

that the most feasible scheme for weight reduction would be

the replacement of the X-Band backup rendezvous radar on the

CSM with the S-Band system.

4.5.5 The RCA radar reliability plan of the RCA Program Plan was

reviewed during this period. The reliability plan generally

complies with the GAEC reliability requirements and phil-

osophy as indicated in the applicable perfo___.ance specifi-

cation and vendor request. Its underlying philosophy, is to

indoctrinate the design engineer and all associated managerial

personnel in those procedures which will result in the most

reliable design possible. Some of those areas requiring

further clarification include the following:

. Failure rate sources and justification.

• The weight-reliability tradeoff methodology.

. Aspects of the RCA circuit analyses, specifically for

worst-case utilization and testing.

These few areas which do require clarification are expected

to be resolved in the near future. It is also expected that

several changes to the plan will be made as new requirements

in the design and functiong0ility are considered° The major

emphasis in reviewing the program planwas to ascertain the

intent and purpose of the reliability effort°

IrNG 7|
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4.5.5.1 (continued)

radar-transponder or the landing radar. The basic failure

rates, which were agreed upon in the early negotiations with

RCA and which are used to determine the overall unit failure

rates have not changed. Because of these conditions the

failure rate estimates for the radar units are thos in-

dicated in reference (a) Table 4.5..8 through 4.5.10.

4.5.5.2 A reliability analysis, of a configuration using separate

radar-computer interface units as opposed to the present

configuration using a common computer interface unit_ which

could possibly affect the basic guidance function reliability

model, was initiated. The mathematical model for the

guidance function reliability, which is shown in reference

(b), was used for comparing the two configurations. The pre-

liminary estimates based on the aforementioned condition,

indicates that the incremental change in R(M) is insignifi-

cant between the possible modes of operation.

The change in crew safety has not yet been determined. The

computations are in process and should be available in the

near future.

4.5.5.3 During this period a probability study pertaining to engine

on/off controls was completed. This study was initiated in

order to help resolve the question of using two (2) on/off

interface signal wires between MIT and GAEC equipment or

a single wire signal. The probability of a signal failure

causing an erroneous ascent or descent engine command, using

a two wire configuration or a single wire configuration was

investigated using the LGC and engine sequencer of the SCS.

The study showed that the use of the two wire system has a

higher probability of keeping the engine firing than does

the use of a one wire system. The calculations, recommen-

dations and qualifications are shown in reference (c).

References

(a) LPR-550-3, "Quarterly Reliability Status Report",

i November 1963.

(b) LED-290-3, "LEM Guidance Redundancy Study", 15 July

1963.

(c) LM0-550-183 "Ascent/Descent Engine ON-0FF Control

Failure Probability Calculations", 18 December 1963.

(d) R-429 "Reliability and Quality Assurance Progress

Report,', December 1963

WNG 7J

Contract No. NAS 9-1100 mEPOR, LPR-550-4

DA,E i February 1964
Primary No. 760 OnUMMAN A:_C_A_T _NO_N_t_NO COmPOnA,_ON



4.6 COMMUNICATIONS SUBSYSTEM

4.6.1 System Components General Status

This period has seen extensive vendor technical

negotiations with the Radio Corporation of America (RCA).

Thus, it has been the time for proposal analysis

(reference a) and hardware considerations.

RCA in reference(a)points out that attainment of the reliability

goals presented in reference (b) would be extremely difficult,

particularly if the system is a serial model. Full solution

of the problem will require the application of screened high

reliability parts_ astute design and redundancies.

It was recommended that any further redundancy considerations

be held in abeyance until the "in progress" weight

reliability studies affecting over-all system design

philosophy are completed. Following the decisions of this

over-alllstudy similar joint GAEC-RCA studies will be made

inside the communication subsystem. Such studies may serve

as a guide in formulating approaches to attain the specified

reliability and in the selective restatement of some

reliability goals.

So, at this time_ the hardware in the system components

received renewed attention for potential reliability

improvement. As presently conceived, both the LEMparts

reliability group and the intended vendor propose the use of

high reliability parts (wherever available) which have

ur_dergone a 10@% supplemezi_'_2L p_eco_idi_io_img cycle _d

concomitant testing and screening. Empirical knowledge of

high reliability parts show the present state of the art

but these field results are showing lower failure rates than

MIL parts. Hence, reliability predictions for system

components using high reliability parts will exhibit a

reliability growth as field failure rates are gathered and

corrective actions are incorporated to attain target rates.

Superimposed on this reliability growth will be the reliability

gains of screening. A _able comparing the failure rate (L)

of the critical major communioation system components using

standard MIL parts and the present parts philosophy is

presented below.
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TABLE 4.6.1

SYSTEM C0_[PONENT PREDICTED

RELIABILITY GROWTH TABLE

S-Band Section

Transponder

Power Amplifier

Steerable Antenna

VHF Transceiver

Premodulation

Processor

Audio Center

Single Station

L (I) Using

MIL-Hdbk. 217 Parts

206.77

110.70

174.14

119.58

25.20

41.85

L (2) Using

High Re!o Screened Parts

108o45

42.07

33.96

12.70

15.36

8.19

(i) See reference (c)

(2) See reference (b)

This table shows projected improvements in the ranges of

2 to i through l0 to i. It was introduced at this time

because technical negotiations established that reference (a) _

used this type of parts philosophy and control during its

preparation. Present indications are that high reliability

part programs are appreciably depressing MIL-Hdbk.217 failure

rates. (See reference(d) and (e)). Thus, table 4.6.1 may

be admitted as a projected reliability growth for system

components. It must be borne in mind that final verification

is yet to come in the form of further field feedback.

However, the present thinking has it that failure rates should

continue to be depressed as both incipient failures are

removed and corrective actions are incorporated. As much as

possible, empiricism should be the final criterion by which
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4.6.1 (Cont.)

we accept column 2 or further predicted reliability growth.

At any rate, it must be remembered that any improved

failure rate assigned to a part during a final predication

is for the actual flight hardware.

4.6.1.1 S-Band Section Status

Note in table 4.6.1 that the S-Band section has the

largest failure rates. This follows as a function of the

S-Band's complexity, usage of exotic parts and its multi-

functioned role. Although large reliability gains can be

made in this f_uction with parts selections and control and,

design simplicity_ much additional reliability growth could

be accomplished by designing into its ma_v signal paths

fail-safe features and manual over-ride switches._ These

switches would control functional redundancy in order to

accomplish the highest timely mode or to time share modes

during the various mission phases in the event of prime

signal path failure.

4.6.1.i.1 Power Amplifier (Amplitron Status)

In this period a trip was made to the Raytheon Company

to determine amplitron progress. (See reference (f).).

Very limited life runs have been made on prototype tubes.

However, both the time and n_mber of tubes constitute an

insufficient sample to make any statistical determinations

of failure rate or longevity or to learn something goout

failure modes. Raytheon admits the necessity for some

life testing and, in fact, has prepared an excellent

technical proposal (see reference (g)) delineating a

comprehensive reliability program. Implementation of

such a program is necessary to establish some confidence
in this tube.

Since considerable development support for the amplitron

comes from Jet Propulsion Laboratory (JPL) close liaison

has been maintained with them. Through a recent telecon

consultation between R. Brunson of the GAEC LEM

communications group and P. Goodwin of JPL_ it was learned

that one tube of a batch of five amplitrons will be

delivered to JPL for design verification testing in mid

January of 1964. Thus, the present consensus of opinion is

that the amplitron is not yet flight hardware.
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4.6.1.1.2

4.6.2

S-Band Antenna Status

(a) Steerable Antenna. During technical negotiations it

was established that the proposed RCA multi-element

design for the steerable antenna would have less

reliability than a dish unless it were overdesigned.

This would of course contribute to the weight problem.
It was decided to take a second closer look at this

problem for both technical and reliability improvement.

(b) Erectable Antenna. On December !0, 1963, the Dalmo

Victor Company made a presentation to GAEC demonstrating
a half scale model of an erectable antenna. This model

featured a simple screw Jack mechanism which erects an

umbrella-like structure (dish). Easy manual assistance

in the event of sticky operation during spring unfolding

of any ribs is possible. However, their engineers believe

that careful material research and test will dispose of

any sticky operation during the mission. Furthermore,
such a mechanical construction utilizes human factor

qualities not possessed by inflatable gear. Repetitive

learning is easily invoked on the same unit of this

particular mechanical system since it may be repacked

and erected over and over again. In comparison, an

inflatable system is essentially one shot due to repacking

problems and moreover, is subject to punctures during

both training and the actual mission. To date, the

simple positive mechanical system shown by this model

has the best hardware approach for the erectable antenna

provided material problems are obviated.

Communications Equi/pment Packagin_ Considerations

Throughout this time a general electronic packaging speci-

fication (see reference (h)) has been in joint preparation

by GAEC and its consultant, Francis Associates (FA). Although,

this document can control most aspects of electronic packaging

there are some problem areas of the communication gear which

deserve special consideration. Of deep concern are problems

associated with noise, high voltage (HV) characteristics

and the peculiarities of radio frequency (RF). These special

packaging cases are presently being worked out through the

joint engineering efforts of GAEC, RCA and FA. When firm

decisions are made,they will appear in the communication

design control specification (reference (b)) as deviations

to reference (h). Because even slight packaging failures

can induce conditions causing related failures in communication

performance (e.g. noise) or in the actual electronic parts,

the LEM reliability activity is avidly following and contribu-

ting to all special communication packaging exercises. Apropos

of this discussion, the most urgent of the special items are
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4.6.2.1 Sealin_ Considerations

Reference (h) permits the use of drain holes (weep holes) and

so exposes equipment interiors to both launch site and space
environments. Serious reasons exist which render such an

approach inadvisable for some portions of the communication

gear. Both high voltages (circa 2KV) and 20 watts of RF Power

will be generated in this equipment. Thus_ sections of this

gear require hermetic sealing and pressurization at a fraction

of an atmosphere. Past high altitude and space programs have

experienced considerable difficulty with corona, arcing, flash-

over and established high voltage tracks. Both degraded per-

formance (e.g. noise and power loss) and catastrophic part

failure can ensue. Also, the multipactorphenomenon occurs at

much lower RF frequencies and powers than are generated here.

Furthermore_ the time for resolution of these special problems

has caused schedule delays. In practice, realizable hardware

has been sealed and pressurized. (See References (i) and (j).)

Presently, the question doesn't seem to be whether to seal

and pressurize_ but rather to what extent. Most of the moot

points seam to center about weight. Nevertheless, local

pressurized compartments can defeat the minimization of thermal

interfaces thereby creating thermal embarrassment of heat

sensitive parts. Increased heat sinking and boxes within boxes

could result in a weight stalemate.

The remaining solution being entertained is to avoid internal

box readily maintainable interfaces, conformally coat with

a hard encapsulant all connections and avoid hermetic sealing.

Besides introducing difficult maintenance and test problems,

this could create electrical coupling and tuning problems.

However, if total coating saves appreciable weight and works

electrically, it is an attractive route. Of course, this

would not answer the multipactor problem. Here, pressurization

has been proven empirically to be the best answer. (See

Reference (i)).

Finally, the GAEC reliability section is reminding Communica-

tion equipment designers and consultants that the communication

gear must pass a certain sequence of environmental tests as

per MIL-STD-810 and other stringent reliability tests which can

not be relaxed to accoz_uodate inefficient packaging.
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4.6.2.2

4.6.2.3

4.6.2.4

Connector Considerations

Reliability problems similar to the above occur in connectors.

They are also being considered for sealing. Should any entire

electronic replaceable assembly (ERA) be sealed, then it might

be advisable to box mount connectors. Also under scrutiny are

pin separation and separate power, signal and RF coaxial
connectors,

Electronic Replaceable Assembly (ERA) Quantity

Whether to employ one or two communication ERA's has been

carefully explored. Present thinking favors two ERA's over

one multifunction ERA housing all communications. The follow-

ing concepts give the most influential points in favor of using
two ERA's:

(i) The generation of two RF powers inside one case can cause

interference due to case conduction and resonating compart-

ments. The extra shielding and parts required to circum-

vent such interaction could nullify the light weight

advantage.

(2) Packing all communication electronics in one case allows

no room for growth if configurations must be changed for

reliability or performance.

(3) On the launch pad, failure of a single function in a

multifunction ERA requires the removal of all functions

from the vehicles. This would require more elaborate

requalification of the systems.

(4) A greater number of spare ERA's would be required to

support a single multifunction unit because sparing

would be influenced by the function with the lowest

MTBF and function density.

Wirin_ Considerations

An examination of the interconnecting techniques suggested

in reference (h) showed that a cabling harness sub-assembly

would have a weight advantage over a welded matrix wiring

assembly. Medium density wiring need not be supported in

a case size matrix, this saves encapsulant. This approach

also appears to have the edge in reliability since a welded

wiring matrix has a new joint for each wire direction change.
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4.6.2.4

4.6.2.5

(continued)

The small wiring harness approach also has another important

advantage for communication equipment, namely, versatility and

flexibility in wire dress. This capability can be used to

eliminate interaction and coupling. Experiments and changes

are not readily accomplished with hard matrices.

Testin_ Considerations

Coordination between the reliability group and the specifica-

tion engineers established that ERA's undergoing electrical

test or bench operation shoudlbe attached to a cold plate

with flowing coolant. This would simulate actual mission

conditions and safeguard against the thermal overstress of

other underdesigned methods.

4.6.2.6 Runnin 6 Time Meter for Amplitron

In order to log all time accruing on the amplitron for the

purpose of determining replacement, such an instrument is

necessary. Elapsed time indicators for failure reporting

are recommended in the packaging specification and are under

study.

4.6.2.7 Elastomeric Buffer Coatinss

Since hard encapsulants strain and fracture electronic parts

when setting or during thermal cycling, it was decided to

pre-coat parts in an elastomeric coating before hard encap-

sulation. Further impetus was given to the predipping

process to alleviate part parameter variations due to dimen-

sional changes. This is of particular interest in the fre-

quency sensitive circuits of communications gear.

4.6.2.8 Packa_in_ Testin_

It is being strongly suggested that all packaging approaches

be demonstrated in actual test as soon as possible. This

should occur before actual LEMhardware is enclosed by such

techniques to avoid technical problems and schedule delays.

Contract No. NAS 9-1100 REPORT NO. LPR-550-4

Primary No. 760 i February 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION DATE



,,o, 4.6.8

4.6.3 Weight-Reliability Summary

A w_ight-reliability summary table, Table 4.6.2, is appended

to this report. The table has been brought forward from
reference (k). It was kept in this form since both mission

times and mission success philosophies are moot points in

the communications subsystem. When current mission analyses

are completed and firm success philosophies are generated,

changes may occur in this table.

Reference List

ao "Technical Plan for LEM Communications Subsystem",

Prop. No. 347130, DSG No. 63-588-83B, Radio Corporation

of America, dated 7 October 1963

b. Design Control Specification for Communications Subsystem,

LSP-380-1, GAEC, dated 8 August 1963

C. Quarterly Reliability Status Report, LPR-550-2, GAEC,
dated 1 August 1963

d. Letter from R. L. Shannon to C. G. Moore, 63 AN/NS8636,

Autonetics, 27 November 1963

eQ Reliability Stress and Failure Rate Data for Electronic

Equipment, MIL-HDBK-217, dated 8 August 1962

fo Arleth, J., Report of Trip to Rs_vtheon Company on

17 and 18 October 1963 to Ascertain Amplitron Status,

LM0-550-165, dated 16 November 1963, GAEC

g. High Reliability Program for Space Communications

AmpliT_ns, Technical Proposal PMP-1399, dated August

1963, Raytheon Company

h* "General Specification for Electronic Packaging", LSP-

360-002, dated 18 November 1963, GAEC

Baller, H. and Phillips, E., Investigations of Failures

of Widebmnd OA0 Transmitter in Vacuum Test, TM-756,

dated 16 July 1963, Hughes Aircraft Company

j* Dummer, G. and Griffin, N., Electronic Equipment Reli-
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4.7 ENVIRONMENTAL CONTROL SUBSYSTEM

4.7.1 Reliability Objectives

The reliability objectives assigned during this period were

the completion of the following tasks:

lo Weight-Reliability Study on a minimum of five (5) EoC.S.

configurations (paragraph 4.7.2)

u Establish, survey, and monitor the subcontractor's reli-

ability program (paragraph 4.7.3)

So Interface with North American Aviation, Hamilton Standard,

and MBC on interface problems concerning reliability

with the Portable Life Support System (PLSS) (paragraph 4.7.4).

4.7.2 Weight-Reliability Study

4.7.2.1 Summar 7

A detailed summay of the reliability analysis for configurations

studied in the quarter is presented in Table 4.7.1.

4.7.2.2 Conclusion_ Weight-Reliability Stud_

The studies indicate that there are many possible paths to

improve reliability and reduce weight. From this study it

was concluded that the greatest weight reduction is achieved

by staging water. Reliability was improved _!gnificantly

by providing a separate heat transport loop for cooling of

critical electronic equipment.

The weight reduction and reliability improvements were not

achieved in a significant magnitude to conclude the effort

in the weight-reliability study. Hence, additional effort

will be directed toward achieving more significamt improve-

ments.

4.7.2,3 Procedure For Weight-Reliability Studies

4.7.2.3.1 Selection of Configurations

The initial planning for the selection of configurations im-

_ a _datoi_y requiren_nt on_u all configurations selected

must meet the requirements of mission plan_ LPL-540-1, and

|NG 71
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D
4.7.2.3.1

4.7.2.#

(continued)

its amendment, LM0-540-19. The alternate configurations

selected meet the basic objectives of the mission plan from

both a functional and mission viewpoint.

The basic approach was first to select a base configuration

from which trade-off studies could be accomplished. The

trade-off studies are made by defining alternate configurations

which purposely represent configurations that are more and

less reliable than the base configuration and weight more

and less than the base configuration. In the process of the

analysis, other configurations materialize some of which

strike a better balance between weight and reliability.

Those selected represent a judicious elimination of weight

and improvement in reliability. Configurations selected were

reviewed and approved by a weight-reliability panel of engineers

selected from the weight, reliability, system and subsystem

groups.

Description of Confi6urations

Configurations 1 through 6 are briefly described below. The

reliability block diagrams and other details of this study are

contained in LED -550-20, "Weight-Reliability Configuration

Study of ECS", 12 December 1963. The results of this study

are summarized in Table 4.7.1.

Configuration l:

Configuration (1) is illustrated in engineering schematic

drawing LDW-330-10000_ Revision "A _. The configuration was

studied in a previous Reliability Quarterly Report. However,

changes in ground rules and a more exacting mathematical]

technique was used resulting in a slight difference in the

reliability numbers.

Configuration 2:

In order to achieve a better balance and effect a trade-off

against the base configuration, relative to what effect the

lack of redundancy has in the system, redundant items w_re

eliminated. Since a weight reduction seemed feasible with

staging consumables (water, oxygen)_ it was decided to stage

water which could result in the lightest configuration.
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4.7.2.4 (continued)

Configuration 3:

Configuration (3) delineates the state of the art of the

E.C.S. during this period. The features of this configur-

ation are: a sapce radiator, staged water, elimination of
multiple redundancy for LIOH Canisters, and removal of re-

dundant _ater separator. Additional weight savings was

accomplished by the removal of one (1) of three (3) Glycol

Pumps and its associated hardware in the heat transport
section.

Configuration 4:

Configuration (4) represents a moderately redundant config-

uration by providing an additionalLIOH Cauister Assembly,

three separate space radiators, and staged water.

Configuration 5:

Configuration (5) is an illustration of what is considered

to be the most reliable configuration to study. Water is

unstaged, three space radiators are used, another redundant

LIOH Canister Assembly is provided, and a suit-circuit fan

was added. Bedundamcy was also provided by adding on another

cabin fan assembly. Another significant item w_s the pro-

viding of a complete and separate heat transport loop for

cooling of critical electronic equipment.

Configuration 6:

Configuration (6) is the same as the base configuration but

it represents the LEM-ECS System, if it can be considered

passive for the pre-separation stage of the mission. Con-

siderable changes would be represented in this system and
the work is not concluded in this area since there is a

feasibility study associated with the EPS. This is a study

and is presented as an indication of what can be accomplished
in this area.

4.7.2._ The following are the ground rules used in analyzing the ECS:

i. PLSS backs up the ECS and GOX in the EPS. A PLSS reli-

ability for LEM crew safety of .999995 for a 12-hour
mission,s assumed.

e LEM is checked out and is in operating condition prior

to being manned by the crew.
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4,7.2.5 (continued)

@ A minimum of four (4) hours lunar stay is assumed for

the calculation of mission success reliability, and
a twenty-three (23) hour lunar stay is assumed for the

calculation of crew safety reliability.

o Outside lunar exploration is accomplished and samples
are collected.

.

.

Oxygen systems and heat transport sections are operating

from ground launch through docking.

No manual overrides are considered for unmanned phases
of mission.

To Equivalent operating time is the same as first and

second Quarterly Report less the 17.7 hours of the

contingent orbit.

Q The ECS System contains consumable sufficient for the
nominal mission.

9. No in-flight maintenance is considered.

10. 0nly the instrumentation shown by the schematic drawing

was considered in this study.

4.7.2.6 Analysis Procedure

A detailed study of the techniques used are doct_menbed

in the _eight-reliability study memorandum LED-550-20 for

ECS. An explanation of the mission times is required for

a full understanding of this report.

The summary sheet has four (4) distinct equivalent operating

times for various missions. They are:

a. The nominal mission of 48 hours, which includes a

full lunaa, stay of approximately 23 hours and an ascent

contingency orbit phase of approximately 18 hours.

b. A 30 hour mission, consistency of four-hour lunar stay

and an eighteen-hour contingency orbit phase.

c. A thirteen hour mission consistency of four-hours lunar

" stay and does not include a contingency orbit phase.

d. A method as described in 25 October 1963 LEM Engineering

Memorandum by S. A. Weisberg/G. H. Sandler/C. Go Moore,

Subject: Method For Calculating Subsystem Mission Success

And Crew Safety Probabilities For W_ight-Religbiiity Studies.

tmG 71
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4.7,2,6.1 Failure Rates

These failure rates selected are the same ones utilized in

previous reliability quarterly reports.

4.7.3 Subcontractor Reliability Program

During the time of this reporting interval, the subcontractor

has formulated the reliability approach and detailed the

objectives in the program plan and initial reliability reports.

Certain exceptions were taken by GAEC after revie_-ing these

documents and the comments are presented in ensuing paragraphs.

4.7.3.1 Hamilton Standard Program Plan

Endorsement of the program plan was withheld by GAEC Reli-

ability on those sections directly affecting Reliability.

The evaluation of the program plan submitted to GAEC is

documented in LEM Engineering Memorandum LM0-550-176, dated

4 December 1963.

The referenced memorandum brought forth the salient points

of non-compllance. Coordination is now being affected

_Aich shall eliminate GAEC Reliability objections. The

specific objections are related to the general inability

of H.S.D. to explicitly define their program plan and to

give credence to all GAEC requirements.

4.7.3.2 Hamilton Standard Reliability Reports

The K.S.D. initial reliability assessment of the ECS was

produced in H.S.D. report SV H SER 2807. GAEC reliability

was critical of the information contained in parts of this

report since insufficient evidence was supplied to support

the conclusions reached.

In order to eliminate this problem and achieve an impetus

toward resolving other outstanding problems, GAEC convened

a reliability coordination meeting on 4 December 1963 at

GAEC. The minutes of this meeting are documented in LMO-

55o-17o.

|NGT|
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4.7.3.2 (contlnued)

The outstanding problem in the H.S.D. effort was the in-

ability to provide supportlng documentation to reliability

conclusions. One salient item covered at this meeting was
the H.S.D. substantiation of the use of brushless-dc motors

for applicatlon in powering the cabin fans and glycol pumps.

These motors do not meet the current state of the a_t and

the inability of H°S.D. to provide a schematic drawing of
their brushless-dc motor is of prime concern to GAEC Reli-
abillty.

Repeated requests for a schematic of the chosen motor has

resulted in the statement that a final decision h_s no_ been

reached on which type of brushless-dc motor is to be utilized.

At the present time there are many concepts being studied

for switching and comuutation and it is paramount that a

reliability evaluation of this type of motor be completed

prior to final selection. The reliability objection to the

use of a d-c brushless motor is presented in LM0-550-164,
dated 14 November 1963.

GAEC Reliability is currently preparing a test plan for d-c

b__Ashless motors in order to establish the necessary test

background. Reliability shall also accomplish a parts count

reliability prediction when detailed design information
becomes available.

4.7.3.3 H.S.D. L_yout Drawing, Review

GAEC Reliability is also reviewing H.S.D. layout drawings

and integrating the reliability effort with the design
personnel at GAEC.

H.S.D. layout drawings r_ewed in this time period _ere_

H.S.D. Layout N0.

SVL-10126

L-lOll 5

SVL-IOI28

Title

Separator-Water LEM

Accumulator Slycol

LIOH Selector Valve and Water

Separator Valve

|NG 1|
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4.7.3.3 (continued)

The _ter separator and glycol accumulator were designed out
of fiberglass material. Reliability has objected to the use

of fiberglass until it can be proven conclusively that fiber-
glass does not outgass, and is proven erosion resistant for
these applications.

Analyses of the Hamilton Standard Layout, SVL-lO128, for the
LIOH Selector Valve (item ll4) and Water Separator Selector

Valve indicates that the design approach Bs unsound. The

report indicates that no human factor considerations were

exercised, normal aircraft engineering standards were not

used, i.e., blind-tapped holes, and that no loads or moment

could be transferred into the valve bodies, although mis-

alignment features _ere not provided in mounting ducting.

These comments _ere transmitted to our design group and they
are taking action with the vender in this area.

4.7.4 Portable Life Support System

The PLSS is an integral part of the LEM mission and its

reliability must be defined to predict a reliability for
the LEM mission.

In order to determine what reliability _as used by NAA, MSC and
HSD, GAEC reliability attended the C/M Space Suit Iuterface

Coordination Meeting No. 6, held at NAA, Downey, California,
on 16 and 17 October 1963. Agenda item No. 4 covered Space
Suit Reliability Requirements.

It w_s determined at this interface meeting that no numerical

reliability _as assigned at that time. NAA had accomplished
a reliability study but did not predict a numerical reli-

ability. GAEC Reliability requested from MSC personnel that
a numerical reliability value be established. This _ras

taken under consideration by _C.

Since this coordination meeting, GAEC has prepared an inter-

face specification in which GAEC Reliability considerations

as included. This specification, Grulmnan Specification No.

LSP-340-6, "Space Suit Assembly, Performance and Interface",

is not currently being released. It is anticipated that
acceptance of this interface specification _ill overcome the

objections of GAEC Reliability with the Space Suit Assembly.

|N; 7!
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4.8 ELECTRICAL POWER SUBSYSTEM (EPS)

During this report period the major reliability effort has

been directed toward weight-reliability optimization of the

EPS. In pursuit of this goal, crew safety and mission success

probabilities were calculated for six power generation con-

figuration and five power inversion and conversion configura-
tions.

In addition, reliability results of the inverter study were

obtainedwhere the supply of electrical power other than 28 VDC

was considered. This effort differs from the weight-reliability

study where all loads other than 28 VDC were taken into con-

sideration plus the environmental control system motors.

Documents submitted by subcontractors and reviewed by Grumman

Reliability Control are listed at. the end of this section.

4.8.1 Power Generatin_ Subsystem (PGS)

The Power Generating Subsystem consists of fuel cells_ fuel

cell reactant tankage, and emergency battery. From the 19

configurations analyzed in LED-550-12 consisting of i, 2 and

3 fuel cells plus I, 2 and 3 hydrogen tanks plus 2 and 3

oxygen t_s both _ _o_e_ _ud "_staged_ six _u_^^-_'-l_.... _±on_ -

were chosen for the PGS input to the weight-reliability pro-

gram. The mission success reliabilities were computed on a phase

by phase and conditional basis. The only ground rule change from

LED-550-12 is that: 4 hour lunar-stay shall not be curtailed

by a loss of capability to sustain orbital contingency. The
results are stm_narized in Table 4o8olo

A conceptional design review was held at Pratt &Whitney

Aircraft on December 8 and 9, 1963. The reliability presenta-

tion consisted of an analysis section and an implementation

program by which P & WA intends to arrive at the apportioned

reliability of 0.990 for a single fuel cell stack.

The analysis portion consisted of a listing of failure rates

and a justification of how they were chosen. The actual

analysis pointed out that all parts are in series for reliabil-

ity considerations and a failure of any single item would

result in failure of the entire fuel cell stack.

As part of the program, to implement the attainment of a high

reliability, a failure effect analysis was presented. This

was the same failure effect analysis that appeared in the pre-

liminary reliability report PWA 2411 that was submitted to

Gru_an.

ENG 75
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4.8.1 Power Generatin6 Subsystem (PGS) (continued)

Pratt & Whitney's Reliability Plan PWA 2406 was reviewed and

commented upon. The comments were discussed with P & WA

representatives during their visit to GAEC on November 14 and
15, 1963 and Reliability Plan PWA 2406-Rev A was then sub-

mitted in accordance with these discussions.

During this report period, AiResearch division of the Garrett

Corporation was selected as the cryogenic tankage supplier.

Pre-contract negotiations are currently in progress to in-

corporate changes as defined by present design requirements.

Yardney Electric Company has also been chosen as the battery

vendor to supply the emergency backup and/or spiking batteries°

4.8.2 Power Distribution Subsystem

The inverter study was completed during this report period.

This investigation considered all loads that require electrical

power other than 28 VDC and included the glycal pump motors,
suit fan motors, and cabin fan motor. Major objectives of this

effort were to maximize reliability and minimize weight.

Many configurations were eliminated in the early stages of
investigation because of basic operational deficiencies. The

5 remaining schemes are listed in the following table with

their respective crew safety and mission success probabilities

including earth launch equipment weight. Figures 4.8.1 to 4.8.5

illustrate configuration details where the loads supplied by
each inverter are noted.

Configuration
Reference No.

4B-2

4B-5

5B-2

14B-2

14B-5

Crew Safety

Probability

.9999580

.9999580

.9999760

.9973793

.9999507

Mission Success

Probability

.9844712

.9911540

.9933082

.9840992

.9972756

Weight ibs. Earth

Launch Eq. Weight

ll7.0

149.6

125.9

116.9

157.7

Resulting from this study, configuration 5B-2 was chosen. This
decision has precipitated the need for brushless d-c motor

development program that will include stringent testing to assure
that reliable operation is achieved. The scope of these tests

will cover experimental, prototype, and production models.

8NG 1_
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4.8.2

4,8 _3

,,o, 4.8.3

Power Distribution Subsystem (continued)

Design verification testing will determine the performance of

the motors _nder I_M enviro_nental conditions. The reliability

assurance phase of the design verification testing will then

follow to gain confidence in the motor's ability to f_nction as

required throughout the LF_M mission as well as providing some

measure of the inherent strength margin _der LEM environments.

The last formal testing will be qualification testing where the

test item will be subjected to environmental conditions which

are in excess of the expected mission levels.

A trip to Goddard Space Flight Center was made to determine

the stage of brushless d-c motor development at this facility.

Results of this trip disclosed that Sperry Farragut Company is

actively pursuing the true d-c motor concept under contract

from Goddard. Details of this trip appear in LM0-550-175 and,

in summary, points out that the only potential problem area

_covered was during vibrational testing where the light source

failed. This light bulb is used in sensing motor position and

in activating switching electronics.

These same inverter configurations were also submitted as the

PDS input to the weight-reliability effort. Reliability ca&-

_,l_t4_ w_ based _ _A4_4_ =_ _L 540-1 and _ .........

of Mission Plan LM0-540-149. Furthermore, the orbital con-

tingency phase was deleted and a 4 hour lunar stay was con-

sidered to constit1_te mission success° Detailed break-down

of subsystem operation was completed that allowed for phase-by-

phase reliability predictions to be calculated. A number of

co_rerters and the environmental control system motors consider-

ed for the inverter effort were deleted from this prediction

(loads 19 --_ 31 in Figure 4.8.1), and the reliability considera-

tion for these items was covered in the respective subsystem.

Results of the weight-reliability effort will provide the necessary

data to establish the optimum PDS config-_'ation when considered

from the LEM system level. This program will continue during

the next report period.

Vendor Procurement

%_o specifications covering the back-pack battery charger and

inverter are nearing release for bid competition. This will

constitute completion of the major subportions of the EPS with

respect to vendor procurement excluding the pyrotecb_nics.

tNG73
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II

Loads

1. Attitude and Translation Controllers (CES)

2. llate Gyro Assembly (CES)
3. Attitude Reference Assembly - AC (BUGS)

4. Flight Direction Attitude Indicator (FDAI) 8 Ball (Displays)
5. Rendezvous Radar (Ant. Servo and Synchro Motors)

6. Displays (other than FDAI)
7. Data Storage Equipment (Recorder)
8, Steerable Antenna

9, Lighting
10. Descent Engine Glmbal Actuators

11. Landing Radar (Tilt Mech. )
12. Rendezvous Radar (Servo Motor and Rate Gyros)

13. Attitude and Translation Control Assembly (CES)

14. In-flight Monitor (BUGS)
15. Programmer (BUGS)
16. Attitude Reference Assembly - DC (BUGS)

17. Guid,'mce Coupler Assembly (CES)

18. Descent Engine Control Assembly (CES)
19. S-Band Power Amplifier
20. S-Band Transponder
21. VHF Transceiver

22. Pre-Modulation Processor
23. Television

24, Pulse Code Modulator and Time Equipment

25. In-flight Test Set
26. Landing Radar
27. Rendezvous Radar

28, Transponder

4---------

Phase & Frequency
Synch'd

Frequency
Synch'd

29. Glycol Pump Motor (brushless d-c)

30. Suit Fan Motor (brushless d-c)

3i. Cabh_ l,htn _olor (hrtishlt_ it-u)

i .

I,oadu |3--,-Zn r_'_toirc laJwcr c(,itversmtt withit_ each bo×.

Figure -t. s. l

Cimfi_u rat im_ .tl_ '2

Contract No. NA_ 9-1!00
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LPR-550-4
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4.8.5

Loads

1. Attitude and Translation Controllers (CES)

2. Rate Gyro Assembly (CES)
3, Attitude Reference Assembly - AC'(BUGS)

4, Flight Direction Attitude Indicator (FDAI) 8 Ball (Displays)

5. Rendezvous Radar (Ant. Servo and Synchro Motors)
6. Displays tother than FDA_I)
7. Data Storage Equipment (Recorder)

8. Steerable Antenna

9. Lighting
10, Descent Engine Gimbal Actuators
11. Landing Radar (Tilt Mech. )
12. Rendezvous Radar (Servo Motor and Rate Gyros)
13. Attitude and Translation Control Assembly (CES)

14, In-flight Monitor (BUGS)

15, Programmer (BUGS)
16. Attitude Reference Assembly - DC (BUGS)

17. Guidance Coupler Assembly (CES)
18. Descent Engine Control Assembly (CES)

19. S-Band Power Amplifier

20. S-Band Transponder
21. VHF Transceiver

22, Pre-Modulatlon Processor

23, Television

24. Pulse Code Modulator and Time Equipment

25, In-flight Test Set

26. Landing Radar
27, Rendezvous Radar

28. Transponder

4

Phase & Frequency Synch'd

G

Frequency Synchtd

29, Glycol Pump Motor (brushless d-c)

30. Suit Fan Motor (brushless d-c)

31, Cabin Fan Motor (brushless d-c)

I_ads 13-_-28 require power conversion within each box.

Figure 4.8.2

Configuration 4B-5

o_n_racn _o. NAS 9-!!00

Primar_ _ No. 760

I_R-550-4
i February 1964
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Loads

1. Attitude and Translation Controllers (CES)

2, Rate Gy_ro Assembly (CES)

3. Attitude and Translation Control Assembly

4. Guidance Coupler Assembly
5. Descent Engine Control Assembly

6. Flight Direction Attitude Indicator (FDAI) 8 Ball (Displays)

7. Rendezvous Radar (Ant. Servo and Synchro Motors),

8. Displays (other than FDAI's)

9. Data Storage Equipment (Recorder)
10. Steerable Antenna

11. Lighting
12. Descent Engine _imbal Actuators

13. Landing Radar (Tilt Mech)
14. Rendezvous Radar (Servo Motors & Rate Gyros)

15. Attitude Reference Assembly - AC (BUGS)

16. Attitude Reference Assembly - DC (BUGS)

17. In Flight Monitor
• 18. Programmer

Phase & Frequency Synch'd

I 80o_,[
I nve er I

4.....--.'....--

4-------

4...-.------

4"-..".-'".--

Frequency Synch'd

800

Inverter

DC to DC
Converter

400

Inverter

1¢
800

Inverter

DC to DC

Converter

19. S-Band Power Amplifier
20. S-Baud Transponder
21. VHF Transceiver

22. Pre Modulation Processor
23. Television

24. Pulse Code Modulator and Time Equipment

25, In-flight Test Set (Instrumentation)

26, Landing Radar
27, Rendezvous Radar

28. Transponder

29. Glycol Pumn Motor (brushless d-c)

30, Suit Fan Motor (brushless d-c)

31. Cabin F_n Motor (hrushless d-c)

Loads 19-*-28 require power conversion within each box_

Figure 4.8.3

Configuration 5B-2

Contract No. NAS 9-1100 LPR-550-4

Primary No, 760 i February I_64
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Loads

1. Attitude and Translation Controllers (CES)

2. Rate Gyro Assembly (CES)
3. Attitude Reference Assembly - AC'(BUGS)

4. Flight Direction Attitude Indicator (FDAI) 8 Ball (Displays)
5. Rendezvous Radar (Ant. Servo and Synchro Motors)

6. Displays (other than FDAI)

7. Data Storage Equipment (Recorder)
8. Steerable Antenna

9. Lighting
10, Descent Engine Glmbal Actuators

11. Landing Radar (Tilt Mech. )
12. Rendezvous Radar (Servo Motor and Rate Gyros)

13, Attitude and Translation Control Assembly (CES)
14. In-flight Monitor (BUGS)

15, Programmer (BUGS)
16. Attitude Reference Assembly - DC (BUGS)

17. Guidance Coupler Assembly (CES)
18. Descent Engine Control Assembly (CES)
19. S-Band Power Amplifier

20. S-Band Transponder
21. VHF Transceiver
22. Pre-Modulation Processor

23. Television

24. Pulse Code Modulator and .Time Equipment
25. In-flight Test Set
26. Landing Radar
27. Rendezvous Radar

28. Transponder

29. Glycol Pump Motor (a-c Motors)

30. Suit Fan Motor (a-c Motors)

31. Cabin Fan Motor (a-c Motors)

Phase & Frequency Synch'd

Frequency SynchVd

Loads 13._-28 require power conversion within each box,

Figure 4. t_. 4

Configuration 1,1B-2

Contract No. NAS 9-1100

Primary No. 760

LPR-550-4

i February 1964
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1. Attitude and Translation Controllers (CES)

2. Rate Gyro Assembly (CES)
3. Attitude Reference Assembly - AC (BUGS)

4. Flight Direction Attitude Indicator (FDAI) 8 ball (Displays)

5. Rendezvous Radar (Ant. Servo and Synchro Motor)

6. Displays (other than FDAI)
7. Data Storage Equipment (Recorder)
8. Steerable Antenna

9. Lighting
10. Descent Engine Gimbal Actuators

11. Landing Radar (Tilt Mech. )
12. Rendezvous Radar (Servo Motor and Rate Gyros)
13. Attitude and Translation Control Assembly (CES)

14. In-flight Monitor (BUGS)

15. Programmer (BUGS)
16. Attitude Reference Assembly - DC (BUGS)

17. Guidance Coupler Assembly (CES)
18. Descent Engine Control Assembly (CES)

19. S-Band Power Amplifier
20. S-Band Transponder
21, VHF Transceiver

9.2. Pre-Modulatlon Processor
23. Television

24. Pulse Code Modulator and TlmeEquipment

25. In-flight Test Set
26. Landing Radar
27. Rendezvous Radar

28. Transponder

29. Glycol Pump Motor (a-c Motors)

30. Suit Fan Motor (a-c Motors)

31. Cabin Fan Motor (a-c Motors)

4

4----.------

4b---------

._---.---
4b.-------

Phase &

Frequency
Synch'd

C)

Loads 13-*-28 require power conversion within each box

Figure 4.8.5

CotLflgur_iion i4B-5

Contract No. NAS 9-1100

Primary No. 760

LPR-550-4
i February 1964
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4.8.4 Pyrotechnics Subsystem

The pyrotechnic subsystem consists of batteries that will store

the energy required to activate the individual devices by proper

use of a selector and/or timing device, and the distribution

portion of the subsystem.

Thirteen pyrotechnic power supply configurations have been in-

vestigated and reliability predictions calculated. This study
considered the various energy sources available that could be

employed to activate the pyrotechnic devices located within the

various subsystems. Reference may bemade to LED-550-13 for

the details of the study that concluded in recommending re-

dundant batteries with the capability of switching to the

primary power supply in the event of battery failure.

4.8.5 Subcontractor Documents Submitted and Reviewed

i. Preliminary Reliability Report for the PCGA-I LEMFuel Cell

Assembly, PWA-2411_ Pratt & Whitney Aircraft_ November 1963.

2. Reliability Plan for LEMFuel Cell Assembly, PWA-2406, Pratt

&Whitney Aircraft, October 1963.

3. Reliability Plan for LEMFuel Cell Assembly, Rev. A, PWA-

2406, Pratt &WhitneyAircraft, December 1963.

INQ.TII
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I_NG 79

4.9 INSTRUMENTATION SUBSYSTEM

Efforts were made to carry out the possible studies and

reliability analysis of this subsystem on the basis of

definitions and related ground rules given in Mission Plan

LPL-540-1.

The two main sections of the subsystem are the Scientific

Instruments and the Operational Instrumentation. ,Technical

information for the first section is not available now.

Information exists for only part of the second section.

Efforts continue for gathering technical and reliability

data.

4.9.1 Operational Instrumentation Section

Certain assumptions were made for this analysis concerning

the equipment of the above section and its interface with

the other subsystems.

The equivalent time, duty cycle, and apportioned reliabil-

ities were calculated and reliability estimates were made

for equipment that have specifications, LVR's_ and design

information. The results of this _tudy are stated in

LED-550-16.

4.9.1.i Sensors

Specific design information for the sensors does not exist

at present; however, specifications, LVR s, and ground

rules for their selection are in preparation.

The reliability degradation, due to the large sensor number,

is apparent, since for functional success all of these

must be in series. Special attention must be paid in

defining this number and, therefore, in defining the

measurements requirement. Recognizing the need for prudent

measurement selection, ground ruler will be prepared on

basis of which an optimum measurement list will be reached.

|tPOtV
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4.9.1.2 Signal Conditioning Unit (SCU)

The design requirements for the SCU on a general frame

have been well-defined and revisions and adjustments to

the changing subsystem requirements have been made.

Specifications, vendor requirements, and ground rules

for device selection and device qualification programp

where necessary, are in their final phase of completion.

Efforts of technical and reliability data collection

continue. Results of these activities are presented in

LED-550-16. Reliability data given in this reference

are based on the information available at present.

4.9.1.3 Pulse Code Modulator PCM

Most of the design information exists _ith the exception

of circuit, component, cabling, and connector detail.

All studies and estimates were based on technical infor-

mation given by Radiation, Incorporated proposal RI-8674E-

4-21 and the failure rates gathered by this department.

Detailed results of the studies are given in LED-550-16.

The above assembly is referred to as PCMIE, because PCM

and the Timing Equipment &re housed in one box. For

reliability study purposes, the two assemblies will be

treated separately.

4.9.1.4 Data Storage Equipment (DSE)

The efforts were directed towards analyzing the DSE

requirements and carrying out reliability estimates for

all subassemblies involved. Some interface electronics

and mechanical components were exempted for lack of design
and failure rate information.

The study was based on Leach technical proposal for DSE

No. 231396 and on failure rate list produced by the

Reliability Department.

The results of this study are presented in LED-550-16.

Contract NAS 9-ii00 mm_|v LPR-550-4
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4.9.1.4 (continued)

Due to the possible weight difficulties, three alternatives

are considered. The first is the DSE nominal configuration,

i.e., data and voice storage capabilities on board the LEM.

The second is the voice stoage on board the LEM and data

storage on board the CM. The third is only the voice storage

capability on board the LEM.

The two last configurations introduce some degradation due

to the greater complexity of the second and the lack of

data storage capability of the third.

However, future studies will analyze these configurations

for comparison and possible need of trade-offs.

4.9.1.5 Emergency Detection Equipment (EDE)

The efforts for the EDE are at a standstill awaiting directions

from NASA/GAEC Systems group.

The duty cycle and the equivalent operating time for this

equipment have been derived on the basis of the Mission Plan

LPL-540-1 for the entire mission profile.

Reliability analysis and estimates for the two configurations

that resulted from previous efforts were completed for

comparison purposes.

4.9.1.6 Caution and Warning Equipment (C&WE)

This assembly is in the state of philosophy and derivation

of ground rules governing the hardware requirements for
the C&WE.

The specifications and LVR's are in the phase of completion.

On the basis of these documents and the vendor inputs, a

reliability analysis will be possible on terms of more

specific information.

4.9.1.7 On-Board Checkout Equipment (OBCE)

This assembly is in the same status as the C&WE. The studies

that will be performed on the On-Board Checkout Equipment are

the same as those performed on the C&WE and will be performed
one month after the C&WE.

I[lIG Y|
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STRUCTURES SUBSYSTEM

General

Reliability studies wereperformed OnAscent - Descent

Stage Separation Systems, Engine Mounts, Hatches, Elapsed

Time Indicators, and Weights - Reliability trade offs.

The following paragraphs summarize theeffortsexpended _0/

on these studies. For a summary of the apportioned and

estimated reliabilities of the major structural units,

see i_able 4.10.1. *

|NO9|
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Ascent - Descent Stage Separation System

A quantitative configuration analysis was performed on six of

the more promising proposed ascent - descent stage separations

systems; see reference "a". The six systems all employing

dual initiators were:

i. A redundant explosive bolt system.

2. An explosive bolt and explosive nut system.

3. A sealed actuator lock system.

4. A sealed actuator lock with an explosive nut system.

5- Gas operated actuator, ball lock system.

6. The North American Launch Escape Tower explosive bolt-

shaped change system.

This analysis was a definiSe help in eliminating some of the

less reliable and sometimes heavier configurations; one in

particular was a favorite prior to starting this analysis.

Table 4.10.2 summarizes the results of this study. Columns 6,

7 and 8 of this table, titled "Negative Reliability Factors"

are used to break numerical ties. These columns represent un-

reliability factors which will tend to reduce the reliability

of a system. A check mark denotes such an unreliability factor,

a zero denotes no such factor. If two or more systems are

numerically equal, the system with the least number of check

marks is considered to be the most reliable. For example; the

bolt and nut system#2 has a check mark in Table 4.10.2,

Mechanical Complexity. This is because after the pyrotechnics

fire there are a n_mber of moving parts of the nut involving

sliding, camming and clearing actions. The NAA-LES system #6

on the other hand has no such negative reliability factors.

Thus system#6 is rated higher than #2, although they both

show the same numerical reliability.

Other Studies

Various qualatative studies have been made on otherpossible

separation system. A case in point is and explosive bolt

which is triggered by MDF (Mild Detonating Fuse) instead of

a bridgewire. A qualitative examination of this system in-

dicated that reliability would be enhanced at virtually no

weight penalty by using a closed loop, i.e., 360 ° of NDF as

opposed to the original 270 ° . The 360 ° approach was finally

decided upon for this possible system. A sketch of the 270 °

and 360 ° system appears in Figure 4.10.1. The 360 ° system has

the advantage over the 270 ° system of being able to have a

break occur anywhere in the MDF bolt loop and still not result

in a bolt (or nut) failing to receive its separation signal.
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Future Work

Work on these and other separation systems is continuing and

will be reported on in the near future.

Reference

(a) LED-550-9 _ dated 9 September 1963

IIi. TI
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4.10.3

4.i0.4

4.10.5

Descent En6ine Mount

A reliability analysis was performed on a 6 and 8 bar engine

mount configuration. The following ground rules applied:

6 bar system- for success at least 3 of 4 bars working on

one side of the gimbal, plus 2 of 2 working on the other side;

8 bar system - for success at least 3 Of 4 working on one side

of the gimbal plus 2 of 4 on the other side.

Considering the engine mount alone, the reliability analysis

revealed that the 8 bar system is superior to the 6 bar system.

also, according to the ground rules used, the 8 bar system is

more redundant. However, there are other factors associated

with the engine mount that must be considered. For instance,

can the added redundancy of the 8 bar systembe made use of

since it may not be fully redundant? This would occur during"

the brief starting period if the engine were started at full

throttle. The full throttle loads plus the overshoot during

starting result in the peak loads. In addition, it appears

that the 8 bar system may place loads on the engine that the

6 bar does_not.

The engine mount problems are still being studied.

A sketch of the 6 and 8 bar systems appear in Figure 4.10.2.

Hat che s

The previous hatch concept was to have each of the locking

lugs independantly locked by a nut-bolt arrangement operated

by a long detachable extension tool. After conducting mock-

up tests, it was felt that this was a difficult operation for

the astronaut to perform. Accordingly the design was revised

to the current concept of operating all the lugs from a single

more accessable location. This should help overall reliabil-

ity (taking into account factors such as, accessability, ease

of operation, lesser probability of injuring the spare suit,

etc.) even though the later locking mechanism is more complex

than the former locking arrangement.

Elapsed Time Indicators

The Elapsed Time Indicators may be used on LEM. An estimate

was made of the number ofelapsed time indicatorsrequired,

listing quantity, priority and types. The types of indicators

are cycle, hourly, and calend_r. These indicators will enhance

reliability by providing a record of the equipment usage be-

fore flight. It will also help supply improved failure rate

data. From 7 to 18 indicators will be required ifthey are

used.

tm_ 7_
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4.10.6 Weight - Reliability Study

A w_ight reliability study was conducted on all applicable

structural areas to effect judicious weight reliability

trade offs. This study again pointed out that the lighter

system is not necessarily less reliable.

4.10.6.1 Separation System

One of the areas pursued was the separation system. A re-

liability prediction and weight estimate (Ref. Para. 4.10.2)

was performed on six of the most promising separation system.

Table 4.10.2 from reference "a" sun_narizes the weights and

reliabilities of this study.

Future Work

Work on existing and new separation systems is continuing

and the weight reliability study will be continued with
these new studies.

4.10.6.2 Structure and Capsule

The two basic approaches to trading off weight and reliabil-

ity are:

a) Riveted vs. welded cabin structure.

b) Increased design margins.

The welded cabin structiL_e is virtually dictated by the

low leakage rate requirements. While it is felt that the

riveted structure would be structurally more reliab_ (at

say a 20% weight penalty) it would be more unreliable from

the leakage viewpoint. The desired maximum leakage rates

of the riveted structure would probably be exceeded.

The choice of welded structure is based on years of experience

both with riveted pressurized fuselages, and with welded

structures. It is noteworthy that Gemini, Mercury and Apollo
all use welded structures.

The second basic method of effecting a weight reliability

trade off is by changing the structural design margin. This

will affect weight in an approximate linear fashion. A mini-

mum design margin was selected that was felt to be consistant

within the state-of-the-art and within bounds of what ex-

perience dictates. Considering the vital role of the primary

structure, it is felt that this is not awise area for further

trimming of weight at the expense of religoiiity,
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4.10.6.3 Landing Gear

The landing gear is basically a piece of structure with de-

sign margins and other requirements (such as vertical landing

velocity, horizontal velocity, stowage requirements, lunar

surface characteristics, etc.,) virtually dictating the

structural requirements and much of the configuration; hence

the basic weight and reliability of the gear configuration,

assuming a four legged gear. The selection of the four leg-

ged gear Configuration was discussed in previous quarterly

reports. The effect on weight and reliability was also dis-

cussed. Accordingly, as with the basic structure, it is

felt that the weight-reliability efferts should be performed

in more fruitful areas since the aforementioned determines

weight and reliability of the basic gear.

When the basic gear becomes more definitized a weight-relia-

bility study of the more detailed items, such as various

extension and locking systems_ should prove worthwhile re-

libilitywise and weigh_wise.

|NG. 7|
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4. ii

4.11.i

4.11.2

CREW PROVISIONS SUBSYST_4

General

A reliability effort was made in the following areas; lighting_

weight-reliabilit_ and elapsed time indicators. The following

paragraphs summarize the efforts expended in these areas.

Lighting

Electroluminescent (EL) lighting has been selected as the light-

ing technique for the crew compartment panel lighting. Reference

meeting at NASA Manned Spacecraft Centers_Hbus_on, 24September

1963. Incandescent cabin flood lights act as a degraded back

up for the panel lights_ in addition to their normal cabin light-
ing function.

The panel lighting choice was between incandescent and EL. The

EL was selected because of the following advantages:

1) Reliability - while more data is required to make statements

of confidence_ it appears that the most promising system

for panel lighting is the EL system. This system has the

advantage over incandescent, of generally not having sudden

or complete failures. The light just gradually gets dimmer

over a long time period. It does not go out suddenly as

is often the case with an incandescent bulb filament failure

In addition_ wear-out is not an abrupt failure, but is also

a gradual dimming_ which can be observed without the aid of

instruments. It is also felt that the ELwill be less prone

to failure in many of the environmental extremes.

2) Weight and Power - About 200 watts would be required to run

the incandescent panel lights, whereas 20 - 50 watts would

be required for the EL. While the systems themselves have

virtually no weightdifference_ _eig_t_is _aved'with _SeEL.-

system due to the fuel saved (H_ and Oo for the fuel cell)
with the lower power requirements of t_e EL. Using a fuel-

power ratio of 3 pounds of fuel per kilowatt hour and a 50

hour mission_ gives a fuel weight of 30 pounds for the

incandescent system and 3 to 7.5 pounds for the EL, a signi-

ficant weight saving for the EL.

In addition to a literature search_ severe tests were run at

Grumman on one hundred EL lights from five (5) different manu-

facturers. Details are recorded in GAEC report LTR-340-2 (SER-

f0-1) dated 21 October 1963. The few "failures" that occured,

were of the gradual type; all of the parts that "failed" were

manufactured by two of the five vendors. It is believed that

the five vendors are not all equally advanced in the state of

adl a _on.
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4.11.3 We ight-Reliability StudY

A weight reliability study was conducted on all applicable

areas in the crew provisions systems. In virtually all cases,

the nature of the equipment or system was such that they did

not lend themselves to numerical reliability predictions.

For instance, numerically how much reliability is lost by

reducing the content of the first aid kit or reducing the

water or food. Accordingly, the crew provisions weight-

reliability study indicated "increase" or "decrease" of

reliability without reference to a numerical gain or loss.

Refer to Table 4.11.1 for the results of this study.

It was found that weight was saved in two areas, i.e., crew

provisions and electrical power. The fact is that a partic-

ular scheme or device may not effect any weight saving in

itself for the crew provision system, butmight for the

electrical system. T_ble 4.11.1 breaks the weight saved

into these two categories. An example of this is the first

item listed in Table 4.11.1, light color and brightness.

The paragraphs of Section 4.11.2 on lighting apply to the

Weight-Reliability Study. It is believed that the selected

system (EL) is the more reliable and lighter system.

4.11.4 Elapsed Time Indicators

Elapsed Time Indicators maybe used on LEM. An estimate

was made of the number of Elapsed Time Indicators required,

listing quantity, priority, and types. The types of indi-

cators arecycle, hourly,&nd_calender. These indicators

will enhance reliability by providing a record of the equip-

ment usage before flight. It will also help supply improved

failure rate data. From one to eight indicators will be

required, if they are used.

|NGT|
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TABLE 4.11.1

CREW PROVISIONING WEIGHT-RELIABILITY STUDY

,Aoe 4 .ll. 3

Configuration

Lighting Color (with 2

Central inverterS):

#l - red - bright

_2 - red -

#3 - _hite -

- green -

Replace Thumbvheels and

Lights with Knobs and

Lights

Silhoutte Lighting of

Panels for:

System#l, _stem_4

Eliminate Some Lighting

at Flight Engineering

Station, if only Pilot

has Flight Controls:

System#l_ System#4

Eliminate Back-up Flood

and Area Lighting:

System#l

System #4

But Add "Flashlight"

Omit External Docking

Lights (Dock In Sur_ight

orEarthlight)

Omit One 5-10 mile

Recognition Light (Exist.

ing Radar Back-Up)

Omit Pyrotechnic Landing

Lights (Use Earthshine)

i li i iiiii llli lllilll

Contract NAS 9-1100

erimaryNo. 760

Weight

38.77

32.66

29.47

29.OO

J

)_e_ht Saved (lbs.)

'i i '"'

Provisions

negligible

negligible

negligible

negligible

none

6,73

5.68

-0.5

lO

• Electrical_

Power

0

6.11

9.30

9.77

i. 02

7, 2

1.8, .7

-... . ,.

Reliability Remarks

, J

Reliability

For Human

Factors -

" No Change

Increasing Or Slight

Decrease
J , , , / ,

Same

Increase As

(no gears) Above
, ,,L , ,

No Change

i

Decrease

Piloting

Reliability

Decrease

Decrease

_light Decrea_

Decrease

Decrease

Decrease

Ss/ne

As

Above

u_, _-55o-4

DAY| i February 1964
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n i

_AB_ 4.11.1

CREW PROVISIONING WEIGHT-RELIABILITY STUDY

(continued)

Configuration

Flood Lighting 0nly In-

stead of Electro-Lumin-

es_ut Lighting

Omit Crew Seats and Use

Restraint System

One Day Water Supply,

Food Supply - Instead Of

Two

Lightweight Space Suit

Lightweight Waste Manage-
ment

0mitFirst Aid Kit

Controlled Diet Prior

To Flight

Omit Disinfectant Bottle

Omit Vomitus Removal

Device

Omit Emergency 02 Supply

Omit Spare Parts For

PLSS and Suit

Omit Tool Kit and Tool

Belt

• , , , , ,,

Omit Space Suit Repair
Kit

Weight

Weight Save d (lbsO
Crew Electrical_

Provisions Power

0

60

Reliability

Decrease

Increase

Decrease

Decrease

2 _ Decrease

1 Decrease

2 *_ Decrease

0.5 - Decrease

- 0.4 -

, i

- 5.4 -

Decrease

Decrease

26.0 - Decrease

u 4.0 - Decrease

3.0 - Decrease

Remarks

Contract NAS 9-1100

Primary No. 760
te,ot, LFR-550-4
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TABLE 4.ii. i

CREW PROVISIONING WEIGHT-RELIABILITY STUDY

(continued)

Configuration

Shorten Tunnel:

Length

Diameter

LeaVe Following Items

On Moon:

Fical Waste

Urine

Extra Vehicular Boots

Thermal Gloves and

Garments

Radiation Dosimeter

Empty Li0HCanister

Still Camera

2800 Calories/Day

Instead of 3200

, l ['

Weight

N

m

m

u

m

m

m

m

I

--Weight Saved (ibs.)

Cre_

Provisions

Electrical*

Power

m

Reliability

See

Remarks /

Decrease

, , ', ,

Remarks

Reliability

Increased

Slightly

Because Of

Increased

Thrust/Wt.

Ratio

Reliability

or Desire-

ability Of
Moon De-

creased

I I II
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Primary No. 760
GNUMMAH AIRCRAFT

I

Hpotv LPR-550-4

DA,t 1 February 1964
|NOINE|IIINO COIPOIATION



PAGE 5.1.1

. RELIABILITY ASSURANCE PROGRAM

5.1 SUMMARY OF ACTIVITIES

Reliability Test activities during this reporting period were

primarily concerned with:

a) Procurement document preparation.

b) Proposal review and vendor evaluation.

c) Vendor negotiations.

d) Review of vendor documents, including Reliability Program

Plans and General Test Pl_ns.

e) Review of in-house test plans.

f) Statistical design of tests.

g) Design feasibility test monitoring.

h) Specification amendment activity.

i) General test planning activity.

The above activities will be discussed in more detail in other

areas of this section.

During this past quarter, Grumman has experienced some diffi-

culty in gaining NASA approval of several equipment specifi-

cations due to lack of a mutual understanding of the aims and

purposes of the Reliability Assurance Program. Accordingly,

steps have been taken by Grummanand NASA to reconcile these

differences and the results of these negotiations will be

published in the next Quarterly Reliability Status Report. In

additionit is expected that once agreement is reached on these

subjects, it will be possible for GAEC to submit a Reliability

Program Plan which will meet with NASA approval.

Considerable effort was expended in incorporating specific

Reliability Boundary Conditions into each equipment specifi-

cation. The RB Table constitutes one complete mission simula-

tion for a flyable piece of hardware. The incorporation of the

table was found to be a practical necessity in order to elimi-

nate the divergent opinion among vendors as to what constituted

a mission simulation. The stress-to-failure tests of the _evelop-

ment program are preceded by one mission simulation in accordance

with RB Table plus a check of the most severe conditions of the

qualification tests. Because of the weight being placed on the

results of the stress-to-failure tests, it is important that

the preceding mission simulation be well defined. As a result

the RB Table was generated.
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5.1 SUMMARY OF ACTIVITIES (continued)

The generalized format for the elimination of the statistical

analysis by Weibull, plus the Reliability Boundary Table was

circulated to the Project in LAV-550-12 dated 18 October 1963.

The updated Reliability '_orking format"for the table is shown

in Appendix A. It may be noted that the "working format"

includes several other changes which were based on the

November 15, 1963 release of the revised "Design Criteria and

Environments" Report (LED-520-18). and LAV-470-2, 21 Nov. 1963.

Not shown in Appendix A is the simplified component mission

simulation conditions. These conditions are employed by LEM

Project for Reliability Assurance and Qualification Tests of

small components whose location in the LEM is obscure and

whose micro-environments cannot be defined until after the
LTA tests.

A concerted effort was made to update all subsystem PERT

diagrams to include the milestones and constraints of the

reliability assurance tests of the development test program.

In general, the effect of this activity was to increase the

degree of regimentation in development test scheduling without

causing downstream slippage in the qualification tests and

hardware deliveries.

The PERT activity was concurrent with, and in support of the

Apollo Integrated Test Panel investigation. This Panel, con-

sisting of representatives from NAA, GAEC, and MIT was formed

by direction of NASA to coordinate launch dates, hardware

deliveries and facility availability for the Apollo Ground

and Flight Test program. The results of this team effort

will be available during the next reporting period.

In the area of training, several presentations of the LEM

Reliability Assurance Program were given to subsystem engineers

in order to permit them to better understand the underlying

philosophy of the stress-to-failure tests.

5.1.2 Criticality Effects on the Test Program

The previous Reliability Quarterly Status report discussed

the use of Criticality as a criterion for establishing the

quantity of hardware for Reliability Assurance Tests. It

was then stated that Clsss I (Crew Safety) equipment would

require four units for these tests, Class II (Mission Success)

would require three, and Class II_ two. It was also stated

that in general, components, even though redundant, would
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5.1.2 Criticality Effects on the Test Program (continued)

receive the same rating as the subsystem, and that state-of-

the-art considerations, complexity, and other pertinent factors

might also affect the hardware requirements. Accordingly, a

list of equipment with their hardware quantities for test has

been included with this report in Appendix B. These hardware

quantities are specified as a minimum in all new procurement

documents and will be specified in the amendments of existing

contracts. The Criticality Ratings indicated in the table

represent the present status of the LEM equipment. As config-

uration and design progresses, this list will be updated.

5.1.3 Test ProsramProgress

The status of vendor test programs is presented in Table 5-1.

It is to be noted that the majority of contractors are still

in the design feasibility phase of their programs. The NS

(not started) notation is used to indicate that no official

documentation has been received by Gr_m_nan that alludes to

the presence of test plans. However, it is apparent from the

depth to which testing is covered in contract negotiations,

that considerable test planning is in progress.

Test Document Review

Vendor test documentation has been confined so far to General

Test Plans, test sections of Program Plans, and Monthly

Progress Reports. However, Reliability has reviewed and signed

off on a multitude of in-house Design Feasibility test plans.

The role of the Reliability Test in these reviews has been to

make constructive comment where indicated; take note_of

potential sources of backup data for reliability analyses,

recommend statistical design and analyses where appropriate,

and catalog the pertinent data for the Test I.D. program.

A list of all test plans and reports (including Vendor docu-

ments) is contained in Appendix C. This list will be updated

in subsequent reports.
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5.2

5.2.1

5.2.1.1

SUB-SYSTEM PROGRAM PROGRESS

Descent Propulsion

Rocketd_ne (Helium In_ection Throttling)

The Program Plan, which includes the Test Plan, has been

accepted by GAEC. Some additional clarification was requested

of Rocketdyne, but clarification was not sufficient reason

to warrant another revision. The Reliability Plan still con-

tained a paragraph implying component life test to failure.

Rocketdyne was advised that the emphasis must be on over

stress tests to failure. The only exception to this, it was

pointed out, will be th_ast chamber testing where life

(duty cycle) testing to failure will be required.

The latest Monthly Progress report from Rocketdyne indicates

that the test progra_ is progressing well. A total of 30

tests on workhorse thrust chamber/injector assemblies have

been rv_u for a total of 1094 seconds. Eleven workhorse engine

tests have been run for a total of 656 seconds. Three in-

jector designs have been tested, two of a quadruplet hole

pattern, and one of a doublet pattern. Approximately five

other designs will be investigated. Throttling tests

through a chamber pressure range from 146 psia down to 7 psig

have been accomplished. A brief st_mary of recent tests is
shown in Table 5.2.

TABLE 5.2

Summar 7 of Recent Tests

Test Durati_
No. Date Plan _ Act_l Pc * Final

020A 11-6-63 30.0 29.60 148.7 1'65

021A _-7-63 25O'O 244.8O 150.5 1.65

022A ll-8-63 1600.0 !$85.0 146.1 1.51

023A 11-9-63 ll.2 -

024A 11-9-63 72.9 134.5 1.38

025A ll-12-63 4.0 3.83 142.3 1.64

* Last Recorded

Remarks

best Satisfac-

tory.

Test Satisfac-

tory.

Facility Mal-
function. Test

Terminated.

Instrumentation

Malfunction. No

Digital Data

Facility Mal-
function. Test

Terminated.

Bomb Test.

Recovery Sat-

isfactory.

Contract No.

Primary No.

EIR 7|

760

GIUMMAN AIRCRAFT

REIDO|T

DATE

ENGINEERING CORPORATION

_R-550-4
l__February 1964



pA_ 5.1.16

5.2.1.1

5.2.1.2

Rocketdyne (Helium In_ectionThrottling)(continued)

A Bi-Monthlymeeting was held on October 15, 16 and 17, 1963

at GAEC. Reliability Assurance tests and the overall test

plan were reviewed. An amendment to the engine Besign Control

Specification is being prepared which will delete the Weibull

analysis requirement and the numerical reliability requirement

associated with it. In addition to this, a Reliability Bound-

ary table of test parameters for all Reliability tests is

being prepared.

Space Technology Labs (Mechanically Throttleab!e En6ine )

The test program at STL is in the feasibility stage of the

development program. Considerable testing has been conducted

to finalize an injector design and to select the best material

for the thrust chamber. Tests on subscale throat samples are

essentially completed. A total of 90 inserts have been tested

in tests totaling over 8,000 seconds. Evaluation of these

results is presently in progress. Approximately 790 seconds

of test time has been accumulated in 10.5K injector evaluation

tests. The primary objective in this series of tests is to

optimize the slot configuration for high performance. Initial

testing on the flow control valve has started. Some vibration

of the pintle has been experienced and this potential design

problem is being investigated.

A bi-monthlymeeting was held with STL on November 4 thru 7,

1963. During the latter two days a critique of the method in

which test data will be analyzed was held. This meeting

assumed added importance s_n__....theaec_sion to delete the

Weibul! analysis requirement from the specification.

After considerable discussion it was decided that it would be

less risky to treat onl_ observed data without estimating or

extrapolation, and to let the test engineer make his:o_-n

extrapolation. The techniques presented to NASA on i0

September 1963 to analyze the test data were proposed. These

techniques, in brief are:

i. Utilize non-parametric statistics to plot an upper 85%

confidence point for the probabilityof failure at each

stress at which a failure occurs.

2. Plot the failures on a graph of cumulative percent of a

sample failing vs. increasing stress level.

Engineering judgment will dictate the extrapolation of the

observed data as well as the interpretation of the proximity

of the failures to the reliability boundary and the v_riance

observed in the sample.i

11t6,75
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5.2.1.2 Space Technolo_ Labs (Mechanicsll_Thrott!eable Ermine)

(continued)

Work on the amendment to the Design Control Specification and

Purchase Order is continuing. This amendment will include

the deletion of the Weibnl!anaiysis and its associated

numerical reliability requirement. In addition to this, a

Reliability Boundary table for the various engine component

tests and for the engine tests is being prepared as part

of the amendment.

Ascent Propulsion

Bell Aerosystems Compan_

The Bell Program Plan including the Test Plan, has not been

found acceptable by GAEC. The test plan was too general and

did not clearly define the hardware being used in each test.

In particular_ the component hardware being utilized to meet

the Reliability Assurance requirements was not designated.

Comments were sent to Bell covering these objections and a

revised Plan is being prepared.

Early feasibility testing is well on its way at Bell. A

brief summary of latest test results is shown in Table 5.3.

TABLE 5.3

Test

No.

355

356

357

358

iP c

Final
Duration (secs)
Plan Actual

!o 9.4

i0 9.9

60 59.0

380 380.6

Date

ll-18-63

1!-26-63 121.7

!i-26-63 121.3

1!-26-63 105.6

0/F Remarks

Final Injector*

- LT-2

1.56 LT-2

1.58 LT-2

1.57 LT-2

Injector LT-2 is a modified Bell Injector used for early

Injector and Thrust Chamber Feasibility Tests and is of a

circular pattern design.

Tests are being run with LT (Bell early development model)

series injectors and ablative chambers initially being re-

ceived from three vendors. These injectors will be followed

by A_ B and C design injectors specifically designed for the

LEM engine. The thrust chamber e_aluation program will

result in a final vendor selection for the LEM ablative

Contract No. NASg-IIO0
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5.2.2.1 Bell Aerosystems Company (continued)

Some delays in the test schedule due to hardware manufacturing

problems have been encountered. The manufacturing of the

injector was particularly troublesome. Most of these problems

have been overcome and the test program is beginning to move

along on schedule again.

On 12 and 13 November 1963 a Bi-Monthly meeting with Bell

was held at GAEC. The Reliability Test Program was briefly

discussed. Bell will shortly submit a Reliability Test Plan

which should cover all Grumman requirements.

GAEC is presently preparing an amendment to the Engine Spec-

ification which will delete the Weibull Analysis require-

ment as well as the numerical reliability requirement associat-

ed with it. In addition to this, a table is being prepared

which defines the Reliability Boundary test parameters for

all Reliability tests.

5.2.2.2

5.2.3

Propellant Feed & Pressurization Systems

All specifications and Vendor Requirements are completed.

Vendors have been requested to quote and their proposals

are being awaited. A list of Specifications prepared is

shown in Table 5.!.

Reaction Control Subsystem - Marquardt

During the last quarter the contract with The Marquardt

Corporation was signed. The first I'-MCTest Plan _v_P-OO14 was

received and reviewed. Primary objectives of the tests out-

lined were "to demonstrate the capability of simultaneously

firing (pttlsing and steady state) two engines from a cozmuon

propellant source, _and _ to evaluate Cell 9 facility capabil-

ities." The workhorse cluster configuration includes one

mount assembly and two S/M engines using stainless steel

altitude thrust chambers with flush-mounted chamber Pc tap.

Testing is in progress and some preliminary data has been

received by the subsystem group and is being evaluated.

Marquardt has completed the cost estimate for additional

testing of common usage items and has submitted the estimate

in a formal proposal. This proposal (TMCNo. 2494) was re_

ceived at the end of this reporting period and the evalua-

tion has not been completed. The results of the evaluation

will be completed during the next reporting period.

IRQ _|
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5.2.3 .i Propellant Tankage - Bell

The technical proposal from Bell was received and negotiations

are in progress. The test program proposed by Bell makes

maximum use of the design verification tests to incorporate

stress-to-failure tests. A stm_nary of the hardware to be used

in the test program is given in Table 5.4.

TABLE 5.4

Pro_e!!ant Tankage- Hardware Utilization

Prototype

(a) 1 Fuel Tank + Bladder Assembly

(b) 1 0x Tank + Bladder Assembly

Design Verification

(a) 4 Fuel Tanks + _LBlg_IderAsse_blY

(b) 4 0x Tanks + 4 Bladder Assembly

(c) 4 Spare Bladder Assembly

5.2.3.2

.

Helium Pressurization Components

Procurement documents for the components of the helium

pressurization system are still in various stages of prepa-

ration. The procurement documents for the helium tank and

the ascent interconnect valve have gone through the engineer-

ing review stage and are awaiting final signatures before

being sent to prospective vendors for proposals.

5.2.4 Stabilization and Control Subsystem

During the last quarter advances have occurred mainly in the

procurement document area. Listed below is a summary of the
individual assemblies.

5.2.4.1 Control Electronics Section

5.2.4.1.1 Rate Gyro Assembl_

The proposals from three vendors, Kearfott, Minneapolis-

Honeywell, and Nortronics were reviewed for the Reliability

Assurance requirements and the results incorporated in the

LEM Reliability vendor evaluation. This evaluation was sub-

mitted to the S & C subsystem engineering group responsible
for the final evaluation and selection.
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5.2.4.1.2 Gimbal Drive Assembly

Preliminary review of the Gimbal Drive Assembly design specifi-

cation was completed and the updated Reliability Input and

Reliability Boundary tables were submitted for inclusion in

the Specification.

5.2.4.1.3 Preparation of the procurement documents for the Attitude and

Translation Control Assembly (ATCA), Descent Engine Control

Assembly (DECA) and Guidance Coupler Assembly (GCA) are in

the preliminary stages and have not yet been released for

Engineering Review.

5.2.4.2 Backup Guidance Section

5.2.4.2.1 Attitude Reference Assembl_

Procurement documents for the Attitude Reference Assembly
(ARA) were completed and signed off during this quarter but

release to vendors has been delayed pending NASA approval
of the documents.

5.2.4.2.2 Procurement documents for the Computer and the Programmer

are in the preliminary stages of preparation and have not been

released for Engineering Review.

5.2.5 Environmental Control Subsystem (ECS)

5.2.5.1 ECS Assemblies & Components - Hamilton Standard (HSD)

An amendment to the purchase order with HSDis under prepa-

ration incorporating the revised reliability assurance re-

quirements as described in LPR-550-3, Quarterly Reliability

Status Report, 1 November 1963. This revision will be com-

pleted following preparation of the applicable Reliability

Boundary Table for the mission simulation.
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5.2.5.l

5.2.5.2

5.2.5.3

ECS Assemblies & Components-Hamilton Standard (HSD) (continued)

HSD's Reliability Program Pl_u was received and reviewed for

compliance with the purchase order and the design specifica-

tion, LSP-330-2A. The test portion of the plan contained a

number of discrepencies with respect to utilization of hard-

ware, selection of environments and operating requirements

of the equipment during the tests (e.g., working fluids to

be used and operation requirements uuder lOOper cent oxygen
atmosphere.) The detailed evaluation is contained in LM_-

550-176. Pending correction of the errors and oversights,
approval ofthe plan was withheld.

As of 1 December 1963, HSD has conducted feasibility tests

in a number of areas including manufacturing processes,
material compatibility and initial water boiler conceptual

studies. Y_u the latter studies, the performance of both

the plate-fin and the porous plate boilers have proven

unsatisfactory. Further boiler design studies and tests
are scheduled.

Internal Environment Simulator (IES)

Additional reliability information on Hamilton Standard

supplied equipment, as well as on the Environmental Control

Subsystem itself, will be forthcoming from the IES test

program. Following satisfactory completion of normal manned

and unmanned operation checkout, the ECS equipment will be

subjected to off-design and malfunction tests. The result-

ing performance data will be correlated with the data obtained

from tests on lower levels of assemblies at the vendor and

at C-A_3 for incorporation in the ECS reliability evaluation
efforts.

Partial Pressure Carbon Dioxide Sensor

Preparation of the reliability assurance requirements, includ-
ing the applicable reliability boundary conditions.was com-

pleted for the C02 Sensor Detail Specification, LSP-330-202.

The specification will be released shortly with Request for

Proposals. These devices will be subjected to a simplified

but relatively severe mission simulation prior to the stress-
to-failure tests.

Electrical Power Subsystem (EPS)

Fuel Cell Assembly (FCA)-l_att & Whitney Aircraft (PWA)

An amendment to the purchase order with PWA has been prepared

incorporating the revised Reliability Assurance requirements

in accordance with Uhe boiler -_ _o__.... _ _.__.,T_R-550-qj-

1 November 1963. The _men_ment is presently being reviewed.

IItG, 7|
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5.2.6.1

5.2.6.2

5.2.6.3

5.2.6.4

Fuel Cell Assembly (FCA)-Pratt & Whitney Aircraft (PWA)

(continued)

Approval of PWA's Reliability Plan, which was received in

October_ was not granted. The areas of the plan primarily

responsible for this rejection were the utilization of test

hardware and the proposed mission simulation phase of the

Reliability Assurance Tests. The detailed evaluation of

the plan is contained in LM0-550-158. PWA was subsequently

directed to revise their Reliability Plan incorporating the

changes specified by LEM Reliability.

PWA initiated feasibility tests on a number of components

during this quarter. The tests are summarized in Table 5.5.

Cryogenic Hydrogen & Oxygen Storage & Supply Tank_ Assemblies

The proposals received from six (6) companies for the develop-

ment and manufacture of LEM EPS cryogenic tank assemblies

were evaluated_ the results of which are contained in LM0-

550-153.

Upon selection of AiResearch for negotiations_ attention was

focused on clarifying three areas in the AiResearch proposal

which concerned Reliability Te_t. They were: (1) insufficient

information concerning the mission simulation; (2) the some-

what vague and misleading treatment of the stress-to-failure

tests; and (3) the employment of only 2 of each tank assembly

for the reliability assurance test phase of the development

tests. These questions are being reviewed in the negotiations

presently underway.

An amendment incorporating the revised Reliability Assurance

requirements_ to the cryogenic tank assemblies detail spec-

ification and vendor requirements document has been prepared

and released to AiResearch. This amended detail specifica-

tion and vendor requirements document will be the basis for

the final contract negotiation;

Emergency Battery

Proposals received for the LEMback-up batteries were received

and the evaluation reported in LM0-550-134.

The revised Reliability Assurance requirements were prepared

for incorporation in an amendment to the detail specification

and vendor requirements document and is to be released to

Yardney Electric Corporation, the vendor selected for nego-

tiations.

Status of other Procurement Documents

An amendment incorporating the revised Reliability Assurance

_N4;!
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5.2.6.4 Status of other Procurement Documents (continued)

requirements, to the Battery Charger Detail Specification

and Vendor Requirements was prepared and released to pro-

spective vendors.

Detail specifications and vendor requirements are in the

process of preparation for the following reactant supply

components:

(1) Check valve

(2) Solenoid shut-off valve

(3) Relief valve

(4) Interstage disconnect

(5) Fill and vent valve

In addition, the General Purpose Inverter Detail Specification

and Vendor Requirement is under preparation.
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5.2.7 T__ustrument at ion

5.2.7.1 Pulse Code Modulation & Timin6 EQuipmen t (PCHI_)

Final negotiations with Radiation Inc. were concluded during

this period and the purchase order was released.

The outcome of the analysis of the trade-offs between

assembly level and equipment level stress-to-failure testing

resulted in a decision in favor of equipment level testing.

It is felt that this decision is well founded since a high

degree of conmnonality with the command module PCM does exist

and good historical test data is available for the components
and assemblies.

_e proposed vendor test schedule is presented in Table 5.7.

It should be noted that design verification tests are being

fully implemented via the two prototype equipments alloted

for Reliability Assurance Tests.

5.2.7.2 Data Storage Equipment (DSE)

During this quarter GAEC was directed by MSC, reference TWX

SLE-10-597-63-193 to GAEC dated October 29, 1963, to stop

all effort on the DSE until MSC had completed its own

review of the data storage requirements.

At this time GAEC is waiting further direction.

I
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5.2.8 Communication Subsystem

Vendor negotiations with RCA relative to the Reliability

Assurance Test Program are in progress. RCA has been in-

formed of the deletion of the Weibull Analysis requirement.

As a replacement for thisWeibull constraint, Grun_anhas

imposed a no failure in test criteria for the purpose of

instituting a more stringent requirement on the design and

manufacture of Development type hard, are. Implementation of

this requirement is to be accomplished in the Mission

Simulation and check of Qualification Test Phases of the

Reliability Assurance Test Program.

The RCAProposed Test Program is presently undergoing consid-

erable sc_atiny relative to the integration of the various

assemblies into a projected packaging configuration. The

investigation is also to determine to what extent the test

requirements will be imposed on each assembly to achieve

maximt_utest effectiveness. Under evaluation is RCA's

proposed integrated, three electronic assembly unit, which is

called an LRP (LEM Replaceable Package). The LRP involves

the following two sets of assemblies: S-Band Diplexer, S-Band

Transceiver and S-Band Power Amplifier; and a VHF Transceiver,

Premodttlation Processor and Audio Center. Projected test

problems associated with this proposed integrated electronic

package should be minimized because of the tests being con-

ducted under actual rather than sLmulated operating conditions,

i.e., with respect to hardware-materials and components-and

environments such as temperature.

As part of the Mission Simulation requirement in the Reliabil-

ity Assurance Test Program, Grumman has instituted an Integration

and checkout test to measure the capability of the equipment

to perform extended periods of time without any marked degree

of degradation in performance of the equipment_ i.e., deviating

beyond the limits stated in the specification. This test,

imposed on each communication electronic assembly unit, will

require a 500 hour period of operation (under ambient conditions)

to insure that the equipment shipped from each vendor will not

exhibit any serious falloff characteristic or go beyond minimum

acceptable performance for the integration and checkout phase

of the Grumman LTA or LEM programs.

The proposed Vendor (RCA) Test Schedule for the Communication

Subsystem is shown in Table 5.8 indicating significant starting

and termination dates. In Fig_ 5_;i_ which was presented in

the last Quarterly Report, one change has transpired and that
is the removal of the Portable Television Camera from a Grumman

subtracted item to orle to be d_.v_._-_.....a _ GFE (_ference.... TWX

SES-12-189/T701/630160 fromMSC).
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5.2.9 Radar

As of November 13, 1963 RCA has been under contract with

Grtnnman and is expected to comply with the requirements

stated in Purchase Order 2-18846-c. Reliability Control is

aware that certain technical problems concerned with the

Radar such as Antenna Plume effects (engine firing affecting

the intensity and distribution of the radiation pattern),

transmitter frequency of the Landing Radar and interface

requirements have not been resolved to date but are in,the

process of continued and urgent evaluation. With respect

to the frequency of the LR, this decision has not been

reached pending a final award of the LR subcontract from RCA.

The projected test program for the Radar equipment at

Grtm_nan, as briefly me__tioned in the previous Quarterly Report,
is to subject the subassemblies and assemblies to a critical

as well as an independent test program. Test Bench facilities

and associated procedures are being implemented at this time

with test requirements to include maximum and minimum limits

of excursions.

The intent of examining lower order of assembly equipments is

to unmask marginal as well as poorly designed circuits and to

uncover inferior quality hardware, including components which

do not meet Gr-_z_nan's standard of performance or workmenship.

As a measure of meeting the performance requir_aents, the

projected Gr_muan effort _ill be to probe each circuit for

the correct signal and voltage or current characteristics

and at the same time check the adequacy of the Vendors test

point designs for each assembly or subassembly item. From _

the system point of view, Gru_man is planning to conduct flight

tests, as part of the Development Test Program, to measure

proper system performance in the early stages of the Radar

design.

The quantity of hardware for the Landing Radar Antenna and

Electronic Assembliesjdesignated for the Reliability

Assurance Test Program_has been changed from four to three

units of each. The basis for this decrease in equipment

requirement, is the placing of the LR in the category of

Criticality Class II, which is defined as a Mission Success

item in accordance with G_nm_u's Mathematic Model definition.

The fact that the LR has a backup in the Rendezvous Radar

Contributes to the LR status as a Class II Criticality.
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5.2.10

5.2.10.1

5.2.10.1.1

5.2.10.2

Structures and Materials

The forth quarter period saw the LEM Structures and Materials

program progress in several areas. The Descent Stage Pro-

pellant Tank Assembly Subcontract was awarded to Allison on

ll December 1963. In addition, various test programs were

initiated, test plans were prepared and some feasibility

Tests completed on structural components and material in-

vestigations.

Descent Sta_e Propellant Tank

The Descent Stage Propellant Tank Assembly Design Control

Specification LSP-280-4, and Vendor Requirement LVR-280-4,

7 August 1963 were released for competitive bidding. Proposals

were received from Aerojet, Ai_ite_ Allison, Beechcraft,

Lycoming, and Manasco. After approximately 3 weeks of

negotiations, Allison was awarded the contract on II December
1963.

Vendor Proposal Evaluation

The six vendor reliability programs were evaluated at GAEC.

Of the six bidders, Aerojet advanced a program which most

nearly answered in letter and intent, the specified Grumman
Requirements.

Vendor Negotiations-Allison

The selected vendor for the Descent Stage Propellant Tank

is Allison. During the negotiation phase the responsible

reliability engineer assisted the Vehicle Design and

Integration Group in, clarifying and delineating Allisons

development and test program rationale. The GAEC statistical

demonstration requirement (Weibull distribution) was deleted

and the requirement of the "successful completion of the

(reliability) tests shall be a prerequisite to the start of

the formal Qualification Test" was substituted. This re-

quirement generated the desired effect of forcing Allison

to place greater emphasis into their Design Feasibility

program. Table 5.9 indicahes the exhentand coverage which

the Design Feasibility tests plays early in the test program.

For example, item i.e._ Table 5.9 are two propellant tank :

feasibility assemblies (Modified NAA Apollo tank assemblies)

%he successful testing of which will substantially assure

thatthe Reliability and Qualification assemblies will meet

their requirements further downstream. A summary of the

hardware to be utilized in the program is given in Table

5.10 below

i
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TABLE 5._0

Descent Sta6e Propellant Tank Assembly Hardware Utilization

I Feasibility Program

A. Eight (8) Weld Test Rings

B. Two (2) Tank Subassemblies

C. Three (3) Cover Subassemblies

D. Five (5) Baffle Subassemblies

E. Two (2) Propellant Tank Assemblies

II Verification Prosram

A. Four (4) Reliability Tank Assemblies

B. One (1) Design Verification Tank Assemblies

III Qualification Program

A. One (i) Tank Assembly

5.2.10.2 Ascent Sta_e Propellant Tanks

The reliability test requirements were incorporated into the

Ascent Stage Propellant Tank specification. Specification is

in the engineering review stage at the time of writing. The

s_me success_J1 Descent Stage Propellant Tank reliability

assurance test requirements will be utilized in the Ascent

Stage Propellant Tank Specification.

5.2.10.3 Materials

5.2.10_ Various material feasibility investigations were conducted

during this quarter. For a full listing of the test plans

and reports that were reviewed by Reliability Control_ refer

to paragraph 5.2.1.1. Appendix III.

5.2_0._2 A weld investigation in which Reliability Control played a

significant role so far as designing the experiment (reference

LM0-550-64) was the "Ascent Tank 2014-T6 Weld Test Program".

Briefly, the purpose of the investigation is to determine

the effects, if any, of two variable on the weld strength
of the Ascent Tanks. The two variables are:

Ae

A(+) 4043 filler rod

A(-) 2319 filler rod
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5.2.10.3.2

,Ao,_.i.35

(continued)

B. Weld Bead Condition

B(+) Weld Bead Ground

B(-) Weld Bead Unground

This variable is a final grinding fabrication process

on the weld bead. The arguments are that grinding could

eliminate sources of stress concentration and conversly,
grinding could adversly affect the strength because of
removal of the weld _beef".

The original planproposed the classical approach of one-

variable-at-a-time. Reliability Control redesigned the

experimental plan utilizing the statistically designed full
factorial design at two levels with four replications (4x22)

The effects of the uncontrolable variables (operator factique_
machine speed fluctuations, etc.) are reduced or eliminated

by randomization of the fabrication process order. The plan
is presented in a systematic array in Figure (A) and in
Block form in Figure (B).

!B(+)

A

A (-) A (+)
(l) (a)

(b) (ab)

FIGURE (A)

_reatments

Combination

(i)
(a)

Factor

A B

-- m

+ -

m

+
r

FIGURE(B)

Effect

+

+ -
+ +

The postulated setup is as follows: the response in a trial

with A at the ith level and B at the jth level for the kth
trial of this treatment is written as:

Yijk =_+ A. + B + AB. +l j lj Eijk

where: denotes the true mean

Ai is the true mean_inwhihh A is at the ith level.

B. is similarly defined
J

AB.. measures the AB interaction

Eij k measures the experimental error.

|NG.?$
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5.2.10.3.2 (continued)

The total factorial effect for A_ B and the AB interaction

is calculated using Figure B.

2A = (Ra)+ Cab)]

2_ ([(b)+ Cab)]

2AB: ([(i)+ (ab)O

- [(i)+ (b)_)

- Eu) + -1)

The significant factors are determined using the Analysis

of Variance as presented in Table 5.11 in conjunction
with the F-ratio table.

TABLE 5.11

Analysis of Variance Table to determine the Significant

factor(s) from the Weld Test Program (para. 5.2.]-1.3.2)

(1)

Source of

Variation

A

B

AB

S_ml

Error

Total

(2)

Factor

Effect

A/2
B/2
AB/2

C3)
Sum of

S quar es

'(2A)2/16

(2B)_/16
(2AB)2/16

ss=(2A)2+(2B)--+(2_)2
16

SS E = SS T -SS

SST=_ (xi)2-(xT)2*
i=l i--_

{4)
Degree
Freedom

1

1

1

12

15

(_)
Mean

S_uare

(2A)2116
(2B)_/16
(_u3_/16

ssE
12

* where X. denotes the ith observation
1

X T denotes algebraic sum of all observations

I_
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5-2.11 Crew l>rovisions

During the forth quarter, the status of the Crew Provisions

test programwas primarily in the conceptional phase with

test plans in vaz[ous stages of preparation.

5.2.11.1 Development Testin5

Test plans are in preparation for the design feasibility

testing of such items as display panels, instrumentation

mounting clsmps, etc. Maximum usage of the GAECmission

simulation and stress-to-failure techniques will be employed

during these tests with Reliability Control actively9ar-

ticipating in the formulation of the test plans. A listing

of the Crew Provisions test plan are delineated in Appendix

III, paragraph 5.1.1.

5.2.11,2 Reliability Testin5

The reliability test program is in the definition stage.

Test Schedules have been generated for the different sections

(Table 5.12). In addition, a test hardware quantitylist

based on the criticality of the particular section has been

prepared and is presented in Table 5.13. In all instances,

Reliability Control will impose the same mission simulation

and stress-to-failure, concepts and requirements, on GAEC
in-house designed sections that are being imposed on the

Vendor equipment. In addition techniques are being studied

for the lighting section tests, to couple the statistically
designed experiment (factorial designs) with the mission

simulation tests. If the studies are fruitful_ it is anti-

cipated that it will increase the information yield per

test and in addition provide definitive data on the effects

of environments on lamps parameters.

|NG ?|
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_AB_ 5._

Reliability Test Hardware Utilization Crew Provisions Subsystem

Section

Crew Support & Restraint

Crew Asc/Desc. Provisions

Control & Display Panel

Lighting

Waste Management

Water Dispensing Prov.

Crew Prov. Devices

Criticality
I II III

X

X

X

X

X

X

X

Hardware

Quantity

3

2

3

3

3

3

2

5.2.12 Controls and Displays

Activities currently in progress center around the effort

associated with incorporating the Reliability Test require-

ments and Reliability Boundary Table into the equipment
Specifications and Vendor Requirement Documents listed in
Table 5.14 below.

 .14

Equipment LSP No

A Gimbal Attitude Indicator

B Gimbal Angle Sequence

Transformation Assembly

C Event Timer

D Electronic Clock

E D'Arsonial Meter

350-301

350-302

350-304

350-601

350-801

The electronic clock, LSP-350-601, dated 18 October 1963

was released for competitive bidding and Vendor proposals.

5.2.13 Ground Support Equipment

_"_ ÷_ p°_÷ q_'_ _ _ffort was made to define a

Reliability Test Program for GSE "Carry-on" equipment. A
rough draft of the program plan was submitted for evaluation

by the LEM Reliability Group. The evaluation has not yet

been completed.

Contract No. NAS 9-i100 u_av LPR-550-4
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5.2.13 Ground Support Equipment (continued)

However, it should be noted that although no formal reliabil-

ity program presently exists, all specification and procure-

ment documents initiated on the LEM program are reviewed by

Reliability. At a minimum the specifications and documents

are reviewed for their compliance to the overall reliability

objectives set for the LEM program. More specifically,

owing to the broadness of scope of the equipment categorized

under GSE, each specification and/or VR is evaluated on its

own merits dependent on its intended use, e.g., special test

equipment, development test equipment, simulators.

It is intended to continue this effort in this manner until

such time as a formal plan is established.
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SYSTEM TESTING

The System Test planning phase has progressed during this

quarter on schedule. The LTA-2 and LTA-3 Test Plans were

prepared in the preliminary form and released.

The LTA test program was approved by MSC. Table 5.15 reflects

the approved test objectives and revised reliability objectives
for each LTA vehicle.

The coordination between System Test and Reliability Control-

Testing has been improved resulting in a better understand-

ing of the testing and reliability requirements.
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5.4 FLIGHT DEVELOPMENTPROGRAM

Plans are being formulated to meet NASA Work Statement

requirements through a coalition of engineering efforts

on an omni-informed basis. Emphasis will be placed on

the monitoring of all Flight Test Development plans to

cover environmental and performance data to support

the estimation of the numerical reliability of each

subsystem.

During the quarterly reporting period Detailed Test

Plan LEM-1 has been investigated along the lines of the

aforementioned paragraph.
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APPENDIX A

Generalized Reliability Test Input To Equipment Specifications

4.4.2

Working Format

Reliabilit 7 Assurance - As an integral part of the development
test program the .

shall be subjected to a mission simulation test under the Reli-

ability Bo_idary Conditions, a check of Qualification Test levels,

and a stress-to-failure test. No failure shall be permitted

during the mission simulation or check of Qualification phase.

Successful completion of these tests shall be a prerequisite to

the start of the formal Qualification Test. Tests applicable to

reliability assurance shall fulfill the following essentials:

(a) The tests shall be conducted on equipment which is represent-

ative in design, physical configuration and material to

deliverable flight weight equipment as approved in the Test
Plan.

(b) The equipment shall be subjected to one mission simulation

at the Reliability Boundary Conditions of Table . The

mission simulation shall take into account the critical

environments and dynamic conditions to which the equipment

will be exposed during the acceptance tests, handling,

transportation and storage, prelaunch, launch, translunar,

and lunar phases of the LEMmission.

(c) At the completion of the mission simulation the specimen

shall be s_ojected to the maximum conditions Specified in

Table II, Requirements for Qualification Tests, using the

exposure tLme in Table . EquipMent shall be operating

or not operating as shown in Table II. Where practical,

qualification test levels shall be approached gradually, or

in discrete increments, in order to pin point stress levels

in case a failure occurs prior to attaining qualification
levels.

(d) At the completion of the mission simulation and check of

qualification test levels, the equipment shall be tested

to failure under systematically increasing dynamic and en-:

vironmenta! stresses. Failure is described as deviation of

performance from the minimum acceptable operating mode.

The Failure Mode Prediction Analysis shall provide the basis

for the selection of critical stresses to be employed in the

stress-to-failure tests. If critical stresses are due to a

combination of environmental conditions, the tests shall be
performed under that combination of environments. If criti-

cal stresses are due to a single environment which is en-

counted in combination with other environments during the

zn_ level of as_r_u_ for ......u._ tests will be .... -'='-=

ENG 7_1
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4.4.2.1

'AOE 5.1.50

Reliability Assurance (continued)

(d) continued

mission, tests shall be performed under that combination

of environments. During these tests, the conditions shall

be increased in proportion to their value at the Reliabil-

ityBoundary.

Input parameters, such as mass flow, voltage, current,

frequency, etc., shall be maintained at the value chosen for

the Reliability Boundary so as to determine the effect of

increased stresses on the output of the equipment.

Stress-to-failure tests on limited life items, or items

for which operating time or cycles may be significant in

producing lower failure modes, shallinclude with each

increment an exposure time or number of cycles which is in

proportion to the per cent stress increment and the exposure

time of the simulated mission. All other equipment shall

dwell long enough at each increment to stabilize conditions,

and complete a performance test (abridged operational test)

in order to check on performance degradation.

Where the Failure Mode Prediction Analysis has designated

as critical several environmental and dynamic conditions

which are not in combination in _the mission, a uniform

per cent overstress of each condition shall be imposed on

the specimen prior to advancement to the next increment.

Analysis of Results - Vendor shall perform an engineering analysis

of the data generated by the stress-to-failure tests including

a correlation with the Failure Mode Prediction Analyses and sub-

mit the data and the analysis to Grumman.

[HGT]
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EXPOSURE TIME AT QUALIFICATION STRESSES

DURING RELIABILITY ASSURANCE TESTS

Peak Condition Exposure Time (or Cycles)

Vibration

Random

Sine

Acceleration

Shock

3 minutes per each of the three

axes_ x, y and z.

One Sweep, 5-2000-5 cps for each

of the three axes x, y and z.

Sweep rate at 2 octave/minute

One minute - 3 planes simultane-

ously

One shock per plan for each of

6 planes

I
I
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APPENDIX B

CRITICALITY LISTING

HARDWARE UTILIZATION: RELIABILITY ASSURANCE TESTS

Subsystem Equipment

PROPULSION (See Note 2)
/Helium Tank

Helium Tank Fill Pressurization Sensor

Squibb Valve

m Filter

Regulator

Quad Check Valve

Solenoids

Burst Dise

_Relief Valve Vent
'Propellant Tank

Propellant Tank Fill Pressurization Sens_

Burst Disc

Filter

Solenoids

Throttle

@ Manifolds and Injectors

Ground Test Connections
._ Combustion Chamber and Nozzle

Gimbling Control

Throttle System

Reaction Control Feed

Squibb

IQuad Check Valve

\Orificies

STABILITY AND CONTROL

Rate Gyro Assembly

Descent Engine Control Assembly

Attitude Thrust Control Assembly

Guidance Coupler Assembly

Pilot Attitude Controller Assembly

Pilot Thrust Controller Assembly

Back-up Guidance Computer

Back-up Attitude Reference Assembly

Criticality

(See Note l)

I II I III

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Quantity

For Test

4

4F

4

4

4

1111.71

J
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|N87|

APPENDIX B

(continued)

HARDWARE UTILIZATION: RELIABILITY ASSURANCE TESTS

Subsystem Equipment

Criticality

(See Note l)

I II III

COMMUNICATION SUBSYSTEM

S-Band Steerable Antenna

S-Band Lunar Surface Erectable Antenna

S-Band 0mni Antenna

S-Band Coaxial Switch (R-F)

S-Band Diplexer

S-Band Transceiver

S-Band Power Amplifier

S-Band Cables and Connectors

VHF Lunar Surface Antenna

VHF 0mni Antenna

VHF Coaxial Switch

VKF Diplexer

VEF Transceiver

VHF Cables and Connectors

Audio Center

*Premodulation Processor (PMP)

DISPLAYS AND CONTROLS

Navigation and Guidance Display

Operation Status Display

Descent Engine Control Assembly

Radar Analog and 0MUDisplays
Indicators

Lamps

ELECTRICAL POWER

Supercritical Oxygen Tank

Gaseous Oxygen Tank

Supercritical Hydrogen Tank
Check Valves

Interstage Disconnect

Fill Valve and Cap

Vent Valve and Cap

Pressure Relief Valve

Solenoid Shut-off Valve

Heat Exchanger

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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Quantity

For Test

2

i
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3 (Not e 3)

2

,i

r

2

2

_r
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APPENDIX B

(continued)

HARDWARE UTILIZATION:_RELIABILITYASSURANCE TESTS

Sub system Equipment

Criticality

(See Note i

ELECTRICAL POWER (continued)

Tank Pressure Sensor

Tank Quantity Sensor

Tank Temperature Sensor
Tank Heater Switch

Subsystem Plumbing

Fuel Cell Assembly

*Batteries (Back-up FCA)

NAVIGATION AND GUIDANCE

Rendezvous Radar/Transponder

Landing Radar

ENVIRONMENTAL CONTROL

Atmosphere Revitalization Section

Oxygen Supply and Cabin Control System

Heat Transport Section

Water Management Section

Cryogenac Oxygen Storage Section
Cold Plate Section

INSTRUMENTATION

Recorder

Data Storage Equipment

Pulse Code Modulation "PCM"

In-flight Test System

Sensors

Signal Conditioner

Displays

CREW PROVISIONS*

Crew Support and Restraint System

Restraint Com_enents

Crew Ascent/Descent Provisions

Display and Control Panel and Assembly
and Installation

Lighting System

Individu_l Lighting Components

Waste Management

Water Dispensing Provisions

Other Crew Provisioning Devices
I I I

Quantity

For Test

!
4
4(Note3_

3

2

2

2

3

4

3
2

3

4

3
3
3

2

Contract NAS _-ll00.,

GRUMMAN AIRCRAFT ENGINEERING
_rimary No. 760

CORPORATION
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APPENDIX B

(continued)

Subsystem Equipment

KEACTION CONTROL

Helium Pressurization System X
Helium Tank X

Helium Fill and Vent Disconnect X

Explosive Squibb Valve X

Quad Check Valve X

Burst Disc X

Propellant Fill andVent (Drain) Couplin_ X
Fuel Tank X

Oxidizer Tank X

_TRUCTURE

Landing Gear System

Docking Mechanism
Antenna Erection

Tank Supports

Engine Supports

Separation System (Ascent/Descent)

Landing Gear Skirt

Latching Gear

Booster/Adapter Separation

Criticality

(See Note l)
! t

I II III

Quantity
For Test

Jb

i *

4

x 4
x 4

X 2
x 4

x 3

x
X

x 4

NOTE i:

NOTE 2:

NOTE 3:

NOTE 4:

Redundant components receive the same rating as the subsystem.

Ascent and Descent Propulsion will be placed in criticality
Class I category.

Given State of Art Considerations.

Critiaality of items marked with asterisk (*) are those which

have been revised since 18 November 1968.

tNG 7|
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,Aoe 6.1

6.0 _TIAINAB !LITY

6.1 Propulsion Subsystem

6.1.1 Pre-launch Accessibility

Access to the Propulsion Subsystem is required for installation,

test, checkout, repair, and service.

The Ascent Engine may be reached from inside the Ascent Stage

by removing the &scent engine recess in the equipment tunnel.

Access to the Descent Engine may be gained from the top of

the descent stage if the ascent stage is not installed. How-

ever_ at present the design configuration o--_the descent stage

permits no accessibility to the descent engine when the ascent

and descent stages are mated.

Present pre-!aunch checkout plans (Reference LPL-610-2) call

for the final mating of the ascent and descent stages at

approximately T minus 60 days. Consequently, any maintenance

action will require demating the LEMand possibly an extensive
delay in launch.

An informal demonstration held in the Plant 5 LEMMock-Up Area

(Reference LM0-550-174) indicated + .......... _ ...._,.,hep_._l__,

access to the descent engine through the bottom-ofthe descent

stage.

There are certain parts (Thrust Chambers, Injectors, Nozzle

Skirt, etc.) that may not be replaced without a hot-fire

re-calibration. Failure of these parts will, under any

accessibility conditions, require a demating of the LEMwith

subsequent launch setback.

There are other parts (Transducers, Harnesses, Lines, Solenoids,
etc.) that maybe replaced wlthout a hot-fire re-calibration.

Accessibility to the descent engine should be provided so that

a failure of this class of parts does not cause an extensive

launch delay.

As a result of the demonstration,.the following recommendations
were made (Reference LM0-550-174).

ae Heat shield for descent engine should consist of removable

panels or segments to permit access into the engine com-

partments.

be The gimbal actuators should have an externa! SOl_J__-ce of

power for rotating the engine to one side to improve

|NG 7J
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6.1.1

6.1.2

"AGe 6.2

(continued)

C. Work stands should be designed to permit access into the

engine compartment without damage to the engine.

do Parts (Transducers, Solenoids, etc.) that can be replaced

without requiring hot-fire re-calibration should be designed

so that they can be replaced and checked out on the engine.

Manual Operations (In-Flight/Lunar)

A_u analysis was performed to determine the practicability of

"plugging the astronaut into the loop" to improve inherent

reliability of the Propulsion Subsystem by providing redundant

manually-controlled valves in the heliumpressurization or

propellant supply systems.

The I November 1963 Quarterly Reliability Status Report

(LPR-500-3) indicated that the Helium Regulation Subassembly

was the greatest contributor to Mission Success Unreliability

of the Propulsion Subsystem. The maintainability analysis

indicated that a manually operated valve could be installed

parallel to the helium regulator valve and substantially

increase the reliability of the subassembly. However, a

change in interpretation of the ground rules for calculating

reliability could provide a similar substantial increase in

predicted reliability. The reliability for the Propulsion

Subsystem _-as calculated considering all parallel items

"in series" for mission success° This accounted for the

relatively low "mission success" reliability of the Propulsion

Subsystem.

A revised interpretation of the gro'_d _ales permits calculating

the helium regulator valves as parallel units. The reliability

"gain" due to the new interpretation was approximately as large

as the gain _ith the redundant manual valve.

it is therefore recommended that the installation of amanually

operated valve not be considered.

|NG.lP|

J_
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6.1.2

6.2

'AOE 6.3

(continued)

Table 6_sho_s the comparison of the reliabilities of the

Helium Regulation Subassembly discussed above.

TABLE 6_1

HELIUM REGDLATION SUBASSEMBLY - DESCENT ENGINE

HELI-gM PRESSURIZATION ASSEMBLY

Original Interpretation Of Rules

Installation Of Redu_udant Valve

New Interpretation Of Rules

Mission Success

_989417

-999136

.999074

Navigation and Guidance Subsystem

An investigation of the Reliability gains attainable through

design of s_Joassemblies which would be interchangeable between

the Rendezvous Radar (_R), Landing Radar (LR), and Transponder
(XPDR) w_s documented in LED-550-15.

The concept of obtaining spares without substantial weight

penalty_carmibalizing the LR on the lunar surface prompted

this study. The study w_s based on assumptions deduced from

preliminary data obtained from RCA. The advantages and dis-
advantages of interchangeable subassemblies were aired and

the follo_ing reliability gains were predicted:

_quipment R) Reliability Predicted _R With LR Spare:IR +z_

RE

XPDR

_R + XPDR

.99903

°99977

.99879

.00015

.OOOO7

.00022

.99918

.99984

.99901

IiiTI

Contract NAS 9-1100
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6.2 (continued)

The general conclusion of this investigation w_s that some

small reliability gains could be obtained through inter-
changeability and further effort should be extendedin this

direction.

6.3 C_ound Support Equipment

Preliminary investigation has begun on the determination of

pre-lau_uch repair times for all LEM Replaceable Assemblies

(LRA) and GSE. Rapid replacement of failed assemblies will

be an important factor in enhancing the probability of launching
within the la_luch window° Every effort will be extended to-

ward identifying high failure rate assemblies, and providing

the maintenance planning to accomplish rapid replacement,

The relationship bet%_en failures rates and repair rates of
assemblies will be investigated to assist in the identification

of the assemblies which could possibly cause undue delay during
pre-la_uuch activities° Further investigation and trade-off

studies __!! be made to assure a reasonable bs!ance betH_een

Reliability and Maintainability°

|N61|
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_,A_e 7.1.

PARTS CONTROL AND EVALUAT_O_

7.1 Acceptable Parts List

In addition to the listings of the various part types deemed

acceptable for use in LEM equipments, the Acceptable Parts

List for I_Mwill include deratings and application notes_

specifications denoting significant part characteristics,

and approved sources for each part. The first edition of

the Acceptable Parts List will include resistors, capacitors,
transistors and semiconductor diodes. Other classes of

parts will be added in subsequent versions of the document.

Anticipated lunar environments were considered wherever

practicable in the generation of the parts listings, although

little test data is yet available in several areas such as

the effects of proton bombardment or of a hard vacuum even

well below our requirements.

Various otherproblems affecting part selection and appli-

cations have been worked on. Among these are lead materials

(and soldering versus welding), the development of a system

for assigning LEMpart identification numbers_ and the extent

to which controls on parts for ground support equipment are

to be implemented.

Discussions on various parts under consideration as candidates

for inclusion in the Acceptgole Parts List were conducted with

the manufacturers concerned, including the Hi Q Division of

Aerovox, Allen-Bradley, Amphenol, Bendix, Corning, Electro

Motive Manufacturing, Erie, Fairchild Semiconductor, General

Electric, IRC, JFDE!ectronics, Mepco_ Texas Instruments,

Western Electric_ and rz_lerous others.

7.2 Parts Procurement Specifications

Major modifications were made in the drafts of several of

the parts procurement specifications. Work i_ required in

this area because, although the military specifications have

established qualification tests for many parts under mar4y

environmental conditions, they do not adequately cover

the environments and stresses that the parts may see during

,_the lunar mission. The parts procurement specifications

_ being generated here are intended to establish some test

levels and qualification procedures more nearly represent-

ative of anticipated mission environments, supplementing

these provisions vith particular "culling" requirements

ENGT]

Contract NAS 9-1100 Repoe,LPR-550-4

Primary No. 760 DA,E 1 February 1964

GmUMMAN A,ICRAFT ENO,NEER,NO CORPORAt,ON



,J,oe 7. _.

7.2 (continued)

(such as po_er aging) aimed at eliminating infant mortality

and stabilizing part characteristics. Other reliability

requirements (such as traceability) are also included when

applicable°

LSP numbers for these procurement specifications, as well

as LSC n'_mbers for identification of parts, are under consid-

eration for assignment°

7.3 Parts Application

In addition to the transistor and semiconductor diode listings

for the Acceptable Parts List, selector charts for these

two devices are being generated. These charts group the

transistors and diodes by function and by the design

characteristics most likely to be significant to the design

engineer, to facilitate his use of LEM acceptable types

in his circuitry.

Work has continued also on derating factors for listed parts_

design tolerances _here applicable, and the application

notes and cautions pertinent in each case. Thermal prop-
erties of various relevant materials (such as encapsulating

or lead materials), the lack of convection cooling in

vacuum_ and welding versus soldering conditions _re among
the thermal considerations weighed in establishing deratings.

7.4 Anticipated Effort For The Next Quarter

Additional categories of parts, and additional parts within

these categories, will be considered forinclusion in re-

vised versions of the LEM Acceptable Parts List.

Deratings and application notes will continue to constitute

a major portion of the work, as will the generation of

procurement specifications.

The workload in the area of non-standard parts and their

applications is expected to increase as the engineering

designs progress°

IrNG 75
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8 DOCUMENTATION RELEASED DURL_G THE REPORT PERIOD

8ol Memorandums

Number Date

LM0-550-161 11-5-63

LM0-550-162 11-6-63

LM0-550-163

LM0-550-164

LM0-550-165

LM0-550=i66

LM0-550-i67

LM0-550-168

LMO-550-L69

LM0-550-170

LM0-550-17[

LM0-550-172

LM0-550-173

LM0-550-i74

ii-13-63

11-14-63

ii-14-64

11-i8-63

11-19-63

iL-23=63

11-22-63

11-27=63

11-28-63

12-3-63

12-3-63

12o3-63

Title

Descent and Ascent Engine Specification

Change

Marquardt Program Plan - ReportL-!006,

dated 22 September 1963

Reliability Test Data Analysis

Brushless A-C Motors on the LEM Vehicle

Report on the Trip to Raytheon Company

on 17 and 18 October 1963 to Ascertain

Amplitron Status

Definitions of Mission Success for

Hamilton Standard Reliability Est_nates

GAEC-NASA/MBC Meeting 29 and 30 October

1963, Office City, Houston

GAEC Reliability Evaluation of Subcon-

tractors Landing Radar Proposals

Trip Report on Presentation by NASA at

AMR on Their Checkout and Maintenance

Experiences on the Mercury and Gemini

Program

Contingency Analysis Objectives and

Outlines

Review of Autonetics "PCM Telemetry for

LEM" EM-0363-170 dated 21 October 1963

Evaluation of PWA Preliminary Reliability

Report for Fuel Cell Assembly (PWA-2411,

Received 11-9-63)

Revisions to Specification LSP-390-501,

Dated 12 August 1963

Descent Engine Acceptability

Contract NAS 9-1100

GRUMMAN

Primary NOo 760

AIRCRAFT ENGINEERING CORPORATION

REPORT NO.
LPR-550-4

DATE
i February 1964



PAGE 8° 2

8ol (continued)

Number

LM0-550=i75

LH0-550-176

L_)-550-177

LM0-550-178

LM0-550-i79

LM0-550-180

LM0-550-181

LM0-550-182

LM0-550-183

LM0-550-184

LM0-550-185

LH0-550°186

LM0-550-187

LM0-550-188

Date

1.2-4=63

12-4-63

12-6-63

12-6-63

12-7-63

12-9-63

12-10-63

12-13-63

!2-16=63

12-18-63

i-3-64

1-4-64

1-8-64

1-8 -64

_r--i0--64

i--9--64

Title

Trip Report to Goddard Space Flight Center,

Dated 26 November 1963

Evaluation of ReliabilitySection of the

Hamilton Standard Program Plan for the LEM

Environmental Control and Life Support

Subsystem, Dated 22 September 1963

Minutes of Reliability Coordination Meeting

of "" °"__amm._,Jon Standard LEM ECS GAEC on 4

December 1963

Reliability Input to Subsystem Requirements

Specification

LEM Stabilization and Control System Rate

Gyrc Assembly, Vendor Proposals, Evaluation

Of

PROPRIETARY

PROPRIETARY

Reliability Comparative Design Analysis

%_or RCS

Ascent and Descent Engine 0n-0ff Control

Clean Room Procedure Doctrination

LM0-320-86, A Review of Capacitors and

Resistors for the LEM Acceptance Report

Test

PROPRIETARY

Feasibility Factors

Review of PWA Revi_ed Reliability Plan

PWA 2406 Revision A, dated 6 December 1963,

Received in LEM Reliability 16 December 1963

(cancelled - changed to LED-550-12)

Rocketdyne LEM Monthly Progress Report No.

R-5205-6 , Received 5 December 1963

!
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PAGE 8.3

I

8.1 (cont inue d )

Number

LM0-550-191

Date

1-9-64

LM0-550-192 !-9-64

L_9-550-193 1-9-64

LM0-550-194 1-16-64

LM0-550-195 1-27-64

LM0-550-196 1-29-64

LM0-550-197 1-30-64

LM0-550-198 1-31-64

8.2 LED's (Engineering Data)

___._uer Dat e

LED-550-13 11-5-63

LED-550-14 ii-8-63

LED-550-i5 12-12-63

LED-550-16 12-15-63

LED-550-17 1-15-64

LED-550-18 11-20-6 _

LED-550-19 12-4-63

LED-550-20 12-12-6 <

Contract NAS 9-1100
GRUMMAN AIRCRAFT

Primary No= 760

Title

STL Reliability Report No. 8438-6038,

Received 6 December 1963

Bell Aerospace Systems Maintainability

Analysis Reports

DECA and GDA Reliability (Single Motor vs

Two Motor Actuator Configuration)

PROPRIETARY

Rocketdyne Reliability Report R-5226-2

Proposed Reliability Test Plan, Brushless

D-C Motors

Review of Bell Aerosystems Ascent Engine,

Reliability Report No. 8258-932003

Comments of STL Descent Engine Support Plan

Title

Pryotechnic Circuit Configuration Study

RCS Failure Mode and Effects Analysis

Improved Reliability with Lunar Repair of

the Rendezvous Radar andTransponder

Reliability Analysis of Instrumentation

Subsystem

A ProposedMethod for Utilizing Statistical

Test Designs and Propulsion Rig Test Program=

Ascent Propellant Tankage Configurations

Study

Weight Reliability Configuration Study

of the RCS

Weight-Reliability Configuration Study

of the ECS

ENGINEERING CORPORATION

REPORT NO.
LPR-550-4

DATE

I February 196 _


